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1. The historical control information (MR.JD 46487401 l supplied by AMVAC contained results 
of 29 DNT or multi generation studies mitiated in the period December 1996 to July 2003 in 
Alpk APfSD (Wistar strain) either dosed by gavage or in the diet. Data considered were pups 
born alive, pup survival on day 5 (without litter losses), pup survival on day 5 (with whole litter 
losses included), mcidence oflitter losses in each study, and health monitoring investigations for 
rats at the breeding unit, health monitoring of rats in CTL (testing laboratory), prevention of 
possible infection at CTL, and investigation of environmental factors. 

Conclusion The DNT Committee determined that the high incidence of total litter losses, which 
resulted in poor day 5 pup survival in the two DNT studies with dichlorvos (77% survival in 
RR0886 [6 total litter losses/30 control females] and 73.7% survival in RR0988 [5/29]), both by 
gavage, resulted by chance due to random factors and not due to any defidencies in the conduct 
of the study or environmental factors at CTL Studies conducted both before, during or after the 
djchlorvos studies, either by diet or gavage, did not demonstrate any trends or patterns of 
distributions of litter losses or other unusual findings suggestive of any deficiencies at the CTL 
laboratory. 

2. The DNT Committee next considered whether the two DNT studies could be combined and, if 
so, what would be the overall NOAEL/LOAEL for the combined stud1es and the overall 
developmental effects observed in the combined studies. 

Conclusion: The DNT Committee determined that the two DNT studies combined had 
acceptable numbers of totai pups ,examined in the controls and high dose groups(> 35 pups/sex 
in combined studies) and, therefore, the developmental results of the combined studies could be 
evaluated for the NOAEULOAEL The classification of the studies was changed from 
unacceptable/non-gu1de]ine to Acceptable/non-guideline. A comparison of the developmental 
findings showed that the auditory startle reflex habituation Vmax in PND 23 high dose males in 
study RR0886 had statistically significant increases (39-47%) in 4 out of 5 blocks and study 
RR0988 bad increases (7-15%), although not statistically significant, in this same Vmax 
parameter also in PND 23 high dose males in 5 out of 5 blocks in comparison to controls. 
Therefore, the developmental/offspring NOAEL was detennined to be 1.0 mg/kg/day (based on 
study RR0886) ,md the LOAEL was j_5 mglkgiday (based on both studies RR0886 and RR0988) 
with the effect being increase~ in auditory startle amplitude in both studies. 

3. The revised Executive Summaries for the two DNT studies are presented below: 

EXECUTIVE SUMMARY: 

Jn a developniental neurotoxicity study (2003, MRID 46153302, study RR08&6) Dichlorvos 
{99.0% a.i., batch #ST120700) was administered to 30 time-mated female Alpk:AP1SD. (Wistar­
derived) rats per group by gavage in de-ionized water at dose levels of 0, 0.1, 1.0, or 7 .5 
mg/kg bw/day from gestation day (GD) 7 through postnatal day (PND) 7 and direct treatment of 
the F1 offspring wac: carried out during P1'.1D 8-22, inclusive. On PND 5, litters were cuJled to 8 
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pups (4/sex as closely as possible), and litters containing fewer than 7 pups and/or fewer than 3 
pups of each sex were removed from the study. The dams were subjected to a functional 
observational battery (FOB) on GDs 10 and 17 and on PNDs 2 and 9. The F 1 offspring were 
observed for attainment of preputial separation or vaginal patency. Animals were allocated from 
within litters for use in the following investigations: functional observational battery assessments 
(PNDs 5, 1 36, 46, and 61); locomotor activity assessment (PNDs 14, 18, 22, and 60); 
auditory startle habituation (PNDs 23 and 61 ). water maze testing (PND 24-27 or PND 59-62); 
and post mortem investigations including brain weight, neuropathology, and morphometry 
(PNDs 12 and 63 .1. Dosing was based on a preliminary developmental neurotoxicity study in rats 
(MRlD 46153301 }. 

One high-dose female was sacrificed on LD 3 due to dinical signs (pallor, piloerection, and 
slightly hunched posture and thin appearance) and had a pale liver at necropsy. One mid-dose 
female died on GD 24 due to parturition difficulties. There were no treatment-related effects on 
maternal body weight, FOB parameters, or gestation length. The maternal NOAEL is 7.S 
mg/kg/day, the highest dose tested. A maternal LOAEL was not established. 

During LD 1-5. the control, low-, mid-, and high-dose groups, respectively, had pup mortality of 
22.6. 17.4, I 7 . .5, and 28.1 %, and there were total litter losses of 20.0, 10.0, 17.9, and 18.5% of 
the litters in these same respective groups. There were 2 total litter resorptions in the high-dose 
group. The number of litters available which were used for Fl offspring was 23, 21, 21, and 14 
and the viability indices were 77.4, 82.6, 82.5, and 69.0% for the control, low, mid, and high 
dose groups, respectively. 

Due to the low number of pups available in the high dose group, it was necessary to combine this 
study {RR0886) with a repeat study (2004, MRID 46239801; study No. RR0988) consisting of 
controls and a dose level of 7.5 mg/k:g in order to have sufficient pups for all assessments. 

The DNT Committee determined that the two DNT studies combined (RR0886 and RR0988) had 
acceptable numbers of total pups examined in the controls and high dose groups(> 35 pups/sex 
examined in combined studies) and, therefore, the developmental results of the combined studies 
could be evaluated for the NOAEL/LOAEL. The classification of the studies taken together was 
changed from unacceptable/non-guideline to Acceptable/non-guideline. A comparison of the 
developmental findings showed that the auditory startle reflex habituation Vmax in PND 23 high 
dose males in study RR0886 had statistically significant increases (37-49%) in 4 out of 5 
blocks and sludy RR0988 bad increases (7-15% ), although not statistical1y significant, in this 
same Vmax parameter in PND 23 h1gh dose males in 5 out of 5 blocks in comparison to controls 
for each study. 

Therefore, the developmental/offspring NOA.EL was determined to be 1.0 mg/kg/day 
(based on study RR0886) and the developmental/offspTing LOAEL was 7.5 mg/kg/day 
(based on both studies RR0886 and RR0988) with the effect being increases in auditory 
startle reflex habituation Vmax .in PND 23 high dose males in both studies. 
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This study when combined with the accompanying study is classified Acceptable/non-guideline 
and may be used for regulatory purposes. It does satisfy the guideline requirement for a 
developmental neurotoxicity study in rats [OPPTS 870.6300, §83-6; OECD 426 (draft)] pending 
review of the positive control da1.a. 

EXECUTIVE SUMMARY: In a developmental neurotoxicity study (2004, MRID 46239801, 
study RR0988) Dichlorvos (99.0'% a.i., batch #ST 120700) was administered to 30 time-mated 
female Alpk:AP pSD (Wistar-derived) rats per group by gavage in de-ionized water at dose levels 
of0 or 7.5 mg/kg bw/day from gestation day (GD) 7 through postnatal day (PND) 7. Direct 
dosing of thr F I offspring was carried out during PNDs 8-22, inclusive. This study was 
conducted with a single dose to provide supplemental information to the previous study 
(MRID No. 46153302) where high number of whole litter loss at this dose was seen. 

On PNTI 5, 1itters were culled to 8 pups (4/sex as closely_as possible), and litters containing fewer 
than 7 pups and/or fewer than 3 pups of each sex were removed from the study. The dams were 
subjected to a functional observational battery (FOB) on GDs 10 and 17 and on PNDs 2 and 9. 
The f 1 offspnng were observed for attainment of preputial separation or vaginal patency. 
Animals were allocated for assessment of FOB (PNDs 5, 12, 22, 36, 46, and 61), locomotor 
activity (PNDs 14, 18, 22, and 60), auditory startle reflex habituation (PNTis 23 and 61 ), learning 
and memory (PND 24-27 or PND 59-62), and post mortem investigations including brain weight, 
neuropathology, and morphomctry (PJ\ITis 12 and 63 ). 

No treatment-related deaths, clinical signs of toxicity, or abnormal FOB findings were observed 
in any maternal animals during the study. Maternal body weight, pregnancy rate, and gestation 
length were similar between the treated and control groups. 

The maternal NOAEL is 7.5 mg/kg/day. the highest dose tested. A maternal LOAEL was 
not established. 

The results of this study were confounded again hy excessive litter Joss in the control group 
similar to that of the previous study. In the control group a total of five dams had complete Jitter 
loss during lactation and another eight liners had insufficient numbers of pups for selection of F 1 

animals Only two treated dams had complete litter loss. The reason for the pup mortality is 
unknown but was also seen at the same dose (7.5 mg/kg/day) in the previous study. Therefore, it 
appears that the pup mortality may not be related to treatment, but rather reflects a chance 
occurrence. 

In the offspring available for evaluation, no treatment-related effects were observed on body 
weight, body weight gain, food consumption, developmental landmarks, FOB, motor activity, 
auditory startle reflex, learning and memory, brain weight brain morphology or neuropathology. 

The DNT Committee determined that the two DNT studies combined (RR0886 and RR0988) had 
acceptable numhers of total pups examined in the controls and high dose groups(> 35 pups/sex 
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examined in combined studies) and, therefore, the developmental resu]ts of the combined studies 
could be evaluated for the NOAEL/LOAEL 

Therefore, the developmentaJ/offspring NOAEL was determined to be 1.0 mg/kg/day 
(based on stud)'' RR0886) and the developmental/offspring LOAEL was 7.5 mg/kg/day 
(based on both studies RR0886 and RR0988) with the effect being increases in auditory 
startle reflex habituation Vma:x in PND 23 high dose ma]es in both studies. 

This study when combined with the accompanying study is classified Acceptable/non-guideline 
and may be used for regulatory purposes. lt docs satisfy the guideline requirement for a 
developmental neurotoxicity study in rats [OPPTS 870.6300, §83-6; OECD 426 (draft)] pending 
review of the positive control data. 
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11 DATAEVALUATIONRECORD I) 

STUDY TYPE: Developmental Neurotoxicity Study- Rat; OPPTS 870.6300 (§83-6); OECD 
426 (draft) 

PC CODE: 084001 DP BARCODE: D298913 
SUBMISSION NO.: none provided 

TEST MATERJAL (PURITY): Dichlorvos Technical Material (99.0% a.i.) 

SYNONYMS: DDVP 

CITATION: G. Milburn (2003) Dichlorvos: developmental neurotoxicity study in rats. Central 
Toxicology Laboratory, Alderley Park. Macclesfield. Cheshire. UK. Laboratory 
report number CTL/RR0886/Regulatory/Report. November 10, 2003. MRID 
461 53302. Unpublished. 

C. Milburn (2003) Dichlorvos: preliminary developmental neurotoxicity study in 
rats. Central Toxicology Laboratory, Alderley Park, Macclesfield, Cheshire, lTK. 
Laboratory report number CTL/RR00885/Regulatory!Report, October 13, 2003. 
MRID 46153301. Unpublished. 

SPONSOR: Amvac Chemical Corporation. 

EXECUTIVE SUMMARY: 

In a developmental neurotoxicity study (2003, MRID 46153302, study RR0886) Dichlorvos 
(99.0°/ci a.i., batch #ST120700) was administered to 30 time-mated female Alpk:APiSD. (Wistar­
derived) rats per group by gavage in de-ionized water at dose levels of 0, 0.1, 1.0, or 7.5 
mg/kg bw/day from gestation day (GD) 7 through postnatal day (PND) 7 and direct treatment of 
the Ft offspring was carried out during PND 8-22, inclusive. On PND 5, litters were culled to 8 
pups ( 4/sex as closely as possible)., and litters containing fewer than 7 pups and/or fewer than 3 
pups of each sex were removed from the study. The dams were subjected to a functional 
observational battery (FOB) on GDs IO and 17 and on PNDs 2 and 9. The F, offspring were 
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observed for anmnment of preputial separation or vaginal patency. Animals were allocated from 
within htters for use in the fol\owmg investigations: functiona) observational battery assessments 
(PNDs 5, 12. 22, 36, 46, and 61 ); locomotor activity assessment (PNDs 14, 18, 22, and 60); 
auditory startle habituation (PNDs 23 and 61 ), water maze testing (PND 24-27 or Pi..,fD 59-62); 
and post moncrn investigations including brain weight, neuropathology, and morphometry 
(PNDs 12 and 63 ). Dosmg was based on a prelirnina1y developmental neurotoxicity study in rats 
(MRJD 46153:Hll ). 

One high-dose kmale was sacrificed on LD 3 due to clinical signs (pallor, piloerection, and 
slightly hunched posture and thin appearance) and had a pale liver at necropsy. One mid-dose 
female died on GD 24 due to parturition difficulties. There were no treatment-related effects on 
maternal body weight, FOB parameters, or gestatJOn length. The maternal NOAEL is 7.5 
mg/kg/day. the highest dose tested. A maternal LOAEL was not estab1ished. 

During LD !-.\ the control, low-, mid-, and high-dose groups, respectively, had pup mortality of 
22.6, 17A. 11.5. and 28.1 %, and there were total litter losses of 20.0, I 0.0, 17.9, and 18.5% of 
the litters in these same respective groups. There were 2 total litter resorptions in the high-dose 
group. The number of litters available which \Vere used for FJ offspring was 23, 21, 21, and 14 
and the viabilitv indices were 77.4, 82.6, 8:2.5, and 69.0% for the control, low, mid, and high 
dose groups, respectively. 

Due to the lo\\ number of pups available in the high dose group, it was necessary to combine this 
study (RR0886\ with a repeat study (2004, MRID 46239801; study No. RR0988) consisting of 
controls and a dose level of 7 .5 mg/kg in order to have sufficient pups for all assessments. 

The DNT Committee determined that the two DNT studies combined (RR0886 and RR0988) had 
acceptable numbers of total pups examined in the controls and high dose groups(> 35 pups/sex 
examined in combined studies) and, therefore, the developmental results of the combined studies 
could be evaluated for the NOAEL/LOA..EL. The classification of the studies taken together was 
changed from unacceptable/non-guideline to Acceptable/non-guideline. A comparison of the 
developmental findings showed that th.e auditory startle reflex habituation Vma:x. in PN'D 23 high 
dose males in study RR0886 had statistically significant increases (37-49%) in 4 out of 5 
blocks and study RR0988 had increases (7-15%1), although not statistically significant, in this 
same Vma:x parameter in PND ~3 high dose maies in 5 out of 5 blocks in comparison to controls 
for each study. 

Therefore, the developmental/offspring NOAEL was determined to be 1.0 mg/kg/day 
(based on study RR0886) and the developmental/offspring LOAEL was 7.5 mg/kg/day 
(based on both studies RR0886 and RR0988} with the effect being increases in auditory 
startle reflex habituation Vmax in .PND 23 high dose males in both studies. 

This study when combined with the accompanying study i.s classified Acceptable/non~guideline 
and may be used for regulatory purposes. It does satisfy the guideline requirement for a 
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developmental ncurotoxicity study in rats [OPPTS 870.6300, §83-6; OECD 426 (draft)] pending 
review of the positive control data. 

COMPLIANCE: Signed and dated GLP, Quality Assurance, Data Confidentiality, and Flagging 
statements were provided for both studies. 
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I. MATERIALS AND METHODS 

A. MATERIALS: 

1. Test Material: 
Description: 

Batch#; 

Purity: 

Compound Stability: 

CAS # ofTGAI: 

Structure: 

Dichlorvos 
techmcal matena!; clear. colorless liquid 

STJ20700 

99.0 % a.i. 

stability 1101. ,eported·, e:v.pii-ation date of Qclober 22, 2003 

not reponed 

not avai\abk 

2. Vehicle and/or positive control: The vehicle was de:-ionized water. No positive control was 
used in the current study. 

3. Test animals (P~: 
Species: Rat 

Strain: Alpk:APrSD (W1star-derivedl 

A.ge at study initiation: approxim~tely JG-l2 wk, 

Wt. at study initiation: 221-297 g 

Source: Rodent Breedir.g Unit (RBlh Alderley Parle, Macclesfield, Cheshire, UK 

Housing: P: Individually in solid plastic cages with sawdus! bedding; loose paper balls were provided 
as nesting. m;.tenals {S.l Supphes. Hue\ Grove. Ches.hire). 
F 1: in sa:rne s.ex groups of up w 4 ammals m wire mesh cages 

Diet: powdered CTI diet. ad iibit11m 

Water: ad libmm:; not otherwise de1cribed 

Em•ironmental Temperature: 2:2±3 °C 
conditions: Humidity: 30-70% 

Air changes: al lea~! l 5/hr 
Photoperiod: 1 :! hrs dark/ 12 hrs light 

Acclimation period: Animals were supplied wne-mated and arrived 6 days before dosing began 

B. PROCEDURES AND STUDY DESIGN: 

1. . In life dates: Start: December l 0, 2002: End: November 6. 2003. 

2. Stud}' schedule: Time-mated females were assigned to treatment groups upon arrival. The 
test substance was administered to the maternal animals from gestation day (GD) 7 through 
postnatal day (PND) 7, where the day of birth was designated as PND l or lactation day (LD} 
l. Litter standardization and selection of F I pups were conducted on PND 5. The selected 
pups were dosed on PNDs 8 through 22 and remained on study until PND 63 (study 
termination). The selected pups were weaned on Pf\.TI 29, at which time the maternal 
animals were killed and discarded. 
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3. Mating procedure: Females were naturally mated while at the suppher. The day on which 
spermatozoa were observed in a vaginal smear was designated as GD 1, and the females were 
shipped to the testing facility on this same day. It is unknown whether males of the same 
strain were used for mating. 

4. Animal Assi,:nment: Anlma( assignment is given in Table 1. Twenty time-mated females 
were supplied on each of 6 days and assigned to dose groups using a randomized block 
design to give a total of 30 rep! icates. 

Offspring were selected for use as F 1 animals at the time of litter standardization on PND 5. 
The offspring were allocated for use in neurobehavioral tests, brain weight determinations, 
and neuropathological evaluations by using one male pup or one female pup/litter in most 
cases~ however, for some parameters one male pup and one female pup were selected from 
some high-dose litters due to the sma11 number of available htters in this group. The 
functional observational battery, locomotor activity assessment, and PND 63 post mortem 
investigations used the first male or first female per litter; auditory startle habituation and 
PND 12 post mortem investigations used the third male or third female per litter; the second 
and fourth male and females of each litter were used in learning and memory. 

Table 1. Study desi1m. 

Experimental Parameter Dose (m!!/ki!- bw/dav) 

0 0.1 1.0 7.5 

Maternal Animals 

No. of maternal animals assiened 30 30 30 30 

Offsprine 

FOB (PNDs 5, 12. 22, 36, 46, and 61) 11-12/sex J 0-1 l/sex 8-13/sex. 8-lOfsex 

Motor activit\' ( PNDs 14, 18, 22, and 60) 11-12/sex 7-11/sex 10/sex 7/sex 

Audilorv startle habituation (PNDs 23 and 61 J I I/sex 10-l l/sex 10/sex 5-7/sex 

Learninl! and nwmorv (PNDs 24-27 and 59-62) 21-23/sex 17-2 lhex 18-2 l/sex 13/sex 

Brain weight: 
PND 12 (fixed weight) l l/sex JO/sex 10-11/sex 6-7/sex 
PND 63 (wet weiJ:hO 11-12/scx 1() l llsex 10-1 l/sex 10-11/sex 

Neuropathology and Morphometry: 
PND 12 (immersion fixation) r l-12/sex none none 6-7/sex 
PNn <:'l r,...~, .... ·- - r.--••-~, \ \_j"\•J~nv l\tmo n.--nA lfl.11,~b .. 

Data taken from text table, P- 19, and text, pp. 21-27. MRID 46153302. 

5. Dose selection rationale: Dose levels were chosen based on the results of a preliminary 
developmental neurotoxicity study with D1chlorvos in the rat (MRID 46153302; see 
Appendix) in which gavage administration of the test material at 7 .5 mg/kg bw/day to 
pregnant rats from GD 7 through PND 22 resulted m biologically significant decreases in 
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erythrocyte (RBC) and whole brain acetylcholinesterase (AChE) activities in maternal 
animals at GD 22 and at PND 22 and in fetuses of both sexes at GD 22. At LO 
mg/kg bw/day, maternal animals had decreased RBC AChE activity at GD 22 and PN'D 22. 
Plasma AChE activity was not measured. The study author mentioned body weight decreases 
beginning on LD 11 in dams treated at 7 .5 mg/kg bw/day, but these were of insufficient 
magnitude to he considered biologically significant (just 3-4% less than contro]s). According 
to the study report, in a repear dose sensitivity study conducted at the same laboratory 
(Laboratory report number CTLJKR1490/Regulatory/Report), pre-weaning and young adult 
rats had decreased RBC and brain AchE activities ac doses of 7.5 and 15 mg/kg bw/day. No 
further info1mation about the repeat dose sensitivity study was available to the reviewer. 

6. Dosa2e administration: All doses were administered once daily by gavage in de-ionized 
water at a dosing volume of lO rrJJkg bw/day, based on the most recent (daily) body weight 
determination. Maternal animals were dosed from GD. 7 through PND 7, and F I animals 
were dosed on PNDs 8 through 22. 

7. Dosage preparation and analysis: 

The amount of the test material used was not adjusted to account for purity. Formulations 
were prepared every 4-6 days by adding sufficient de-ionized water to a weighed amount of 
test material to produce a high-dose stock solution. which was further diluted to attain mid­
and low-dose formulations. Each batch of formulations was subdivided into ahquots for 
daiJy dosing and stored m room temperature until use. The method used to mix the 
fommlaoons was not described, although the study report stated that the preparations were 
shaken prior to dose administi'ation. Triplicate samples of low- and high-dose formulations 
from a pre-study batch (prepared on December 4, 2002) and from the first batch used in the 
study (prepared on December r~. 2002) were collected for stability arn1lysis. Triplicate or 
duplicate samples of low-, mid-. and high-dose formulations from the first batch and from 
two subsequent batches (January 6, 2003: Febmary 7 andJor 12, 2003) were analyzed for 
concentration. Homogeneity analysis was nm dol).e. 

Results: Concentration Analysis: The study report stated that ·"re-analysis" was conducted 
on February J 2 due to variability between the results from tripllcate samples taken on 
retmiaf) 7 However, it was unclear whether the inhia\ samples were re-analyzed or 
whether additional samples were taken from a batch prepared on the later date; only the 
data from February 12 were reported. Absence of the test material was confirmed in the 
vehicle control formulations. Mean concentrations of the low-. mid~, and high-dose 
formulations were I 16.0- {25.0%, 105.0-112.0%, and 98.0-105.6% of nominat 
respectively. 

Stahilit.y Analysis: After 2, 5, and 8 days at room temperature, mean concentrations. of 
the pre-study low-dose formulation were 93.3%, 108.6%, and 103.8% of initial, 
rcspect1vely, and the mean concentrations of the pre-study high-dose formulation were 
92.6%,, 1)0.3%·, and 85.1 o/c of initial, respectively. After 5 days at room temperature, the 
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mean concentrations of the low- and high-dose fonnulations from the first batch were 
93.2%, of initial and 94.2% of initial. respectively. 

The analytical data indicated that the mixing procedure was adequate and that the difference 
betweeri nominal and actual dosage to the study animals was acceptable. 
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C. OBSERVATIONS: 

1. In-lit'e observations: 

a. Maternal animals: Twice daily cage-side observations were conducted each morning and 
towards the end of each working day. Detai\ed dinkal observations and body weights were 
recorded upon anival, daily (immediately prior to dosing) during GD 7 through PND 7, and 
on PNDs L"i, 22, and 28 (termination). 

I 
X 

X 

All maternal animals were subjected to a functional observational battery on GDs 10 and 17, 
and on PNDs 2 and 9. The examinations were conducted in the home cage and in a standard 
(open) arena by an individual who was unaware of each animal's treatment group and 
included evaluation of the parameter:; indicated (X) below. The testing procedure and 
scoring criteria were not described, but all observations were scored as "no abnormalities 
detected. slight, present, or left/right/bilateral." 

FUNCTI01'iAL OBSERVATJONS 

Signs of auwnoffilc function. including: 
l) Lacrimation or salivation 
2) Piloerection or endophthalmus/exophthalrnus, 
3) Urine ,.taining or diarrhea 
4) Pupillary response to light: mios1s/mydnasis 
5) De~n,e of palpebral closure. i.e. ptosis. 

Descript1C1n. incidence. and severity of any convulsiuns. tremors, or abnormal movements in the home cage and 
standard r ,men) arena. 

-
X 

X 

X 

X 

Reactivitv w genf'ral stimuli, includini.: responsr tc, approach and touch. 

Arousa I levt' l/alenness. 

Description and incidence of posture and gait atmonnalities. 

Descnpt1on and incidence of any unusual or abnurm:11 behavior. excessive or repetitive action (stereotypies). 
cmac1at1on. dchvdration. hypotorna or hypertonia. altered fur appearance, red or crusty deposits around the 
eyes, nuse. ,H mouth. and any other ohservations that may facilitate interpretation of the data. 

According lo the study protocol, on treatment days the testing was done prior to dosing; 
however, this mforrnation was not included in the "experimental procedures" section of the 
study report. There was no description of the environmental conditions (e.g., noise level, 

! 

etc l during testing, and the study report did not specify the duration of the observation period 
in the open field or mention whether the same technicians were used throughout testing. 

b. Offsprinf!: 
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1) Litter observations: The day of completion of parturition was designated as PND or LD 1. 
The sex. weight, and clinical condition of each pup was recorded on PNDs 1 and 5, and litters 
were checked daily throughout lactation for dead. moribund, or ''abnormal'' pups. 

On PND 5. litters were standardized to a maximum of 8 pups/litter (a randomly selected 
4/sex/litter. as nearly as possible), and litters with 7-8 pups and at least 3 pups of each sex 
remained on study as the F, generation. The excess pups were killed and discarded. 

The F
1 

litters remained with their dams until PND 29. Individual body weight and detailed 
clinical observations were recorded on PND 5, daily during PNDs 8-22 (immediately prior to 
dosing), and on PND 29. 

2) Postweanin2 observations: After weaning on postnatal day 29, offspring were examined 
daily for mo11ality or clinical signs. Individual body weights and detailed clinical 
observations were recorded on PNDs 36, 43, 50, 57, and 63 (prior to termination). 

3) Developmental landmarks: Beginning on PND 29, female offspring were examined daily 
for vaginal patency, and beginning on PND 36, male offspring were examined daily for 
balanopreputial separation. The age and body weight at the time of onset were recorded for 
each animal. 

4) Neurobehavioral evaluations: 

a) Functional observational battery (FOB): Selected F 1 offspring were subjected to a 
functional observational battery on Pr-..1Ds 5, I 2. 22, 36, 46, and 61. The examinations were 
conducted m the home cage and in a standard (open) arena by an individual who was 
unaware of each animal's treatment group. On treatment days the testing was done prior to 
dosing. The FOB for offspring assessed the same parameters as the maternal FOB, and the 
observations were scored in the same manner as ,vell, i.e. the severity scores included no 
abnormalities detected, slight, present, or lefUright/bilateral. There was no adjustment of the 
FOB to account for developmental age. There was no description of the environmental 
conditions (e.g., noise level, etc.) during testing; the duration of the observation period for 
open field observations was not specified; and there was no mention of whether the same 
technicians were used throughout testing. 

In general, one male or one female was selected from each litter; however, in order to ensure 
that at least l O animals per se~. were examined. it was necessary to select one male and one 
female from some high-dose htters. Many of the same offspring were evaluated at each time 
point. Some. but not all, of the instances when this did not occur appeared to be a later 
assignment of an additional animal as a substitute for one that had died. The other instances 
included the following: one low.dose female was evaluated only on PNDs 12 and 61; three 
mid-dose males were evaluated on PNDs 12, 22. 36, and 61, but not on PNDs 5 and 46; three 
mid-dose males were evaluated only on PND 46: one high-dose male and one high-dose 
female were evaluated only on PND 46; one high-dose female was evaluated on PNDs 12, 
22, 36, 46. and 61 bul not on PND 5: one high-dose female was only evaluated on PND 12; 
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and one high-dose female was evaluated on PNDs 12, 36, 46, and 61, but not on PND 5 or 

22. 

b) Motor activih· testin~: Motor activity was evaluated in one male or one female per litter on 
PNDs 14, 18, 22, and 60. A~. automated activity recording apparatus was used to record large 
and small movements over the course of a 50-minute session, comprised of ten 5-minute 
scans. The same animals were evaluated at each time point, except for one low-dose male 
that wasn't assigned until PND 18. and there was no replacement of animals that died 
between time points. On treatment days (PND 14, 18, and 22). the testing was done prior to 
dosing. The sludy repon stated that rhe treatment groups were counterbalanced across the 
cage numbers. of the activity monitors and that the assessments were done in a separate room 
in order to minimize environmental distraction. During each session (or run), up to 16 cages 
were monitored, and each animal was tested m the same monitoring device across test 
sessions. Replicates were not used because there were enough devices available to conduct a 
single run on each date when rhe testing ,vas done. A description (or make and model 
number) of the monitoring devices was not provided. 

c) Auditorv startle reflex habituation: Auditory struile reflex habituation testing was 
performed on one male or one female per litter on PNDs 23 and 61, using an automated 
system. On each day of testing, there were two sessions comprised of 5 ])Jocks of 10 trials. 
Up to 8 animal, were evaluated during each session, and each animal was tested in the same 
chamber and at the same time (session 1 or 2) across testmg days. The study report did not 
state whether treatment groups were counterbalanced across chamber numbers and session 
times, bur this appeared to be the case. There was no description of the equipment used, 
environmental conditions, length (msec) and intensity (dB) of sound, or the length of the 
interval between trials 

d) Learnine and memory testinc: Water maze testing was petiormed on PNDs 24--27 and on 
PNDs 59-62 to evaluate associative learning and memory. Separate groups of one 
animal/sex/litter were tc.stcd at each interval, and each ammal was tested twice, with 2 days 
between test sessions. Testing equipment included a straight channel "maze,"and a Y-shaped 
maze v,;ith one escape ladder. session was comprised of 6 trials in the Y-shaped maze 
followed by a single trial in the strn1gh1 channel 10 evaluate swim speed. The amount of time 
required for the animal t0 find rhe ladder was recorded for each trial. 

The cnterion for a successful trial was a time less than a given cut-off value, and the 
fol1owing cu1-off values were used: 3, 4, 5, 6. 7, 8, 9, and JO seconds~ and multiples of LO, 
1.5. and 2 0 t11nes the individual animal's straight-channel time. For each individual, the 
percentage of trials meeting a specific criterion was calculated and used to detennine the 
group mean for that criterion. 

Leaming was assessed by comparing the swim times for Trials l and 6 on the first day of 
testing, an<l memory was as~essed by companng the s,Nim lime for Trial 1 on the second day 
of testing to the swim time for Trial I on the fir.st day. 

, / 

' I 
\ 
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The inter-trial interval was not reported and there was no further description of the equipment 
or environmental conditions (hghting, water temperature and depth, background noise, etc.). 

5) Cholinesterase determination: Biomarkcr data were not collected from offspring in the 
main study. 
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a. Maternal animals: Females that failed to lttter were sacrificed on nominal GD 25 by 
halothane vapor overdose with subsequent exsanguination and subjected to a gross necropsy 
which included examination for pregnancy status. Animals showing signs of moribundity 
and/or dystocia and some (but not all) of the females with total litter losses were sacrificed 
and examined in the same manner as the females that failed to litter; animals that were found 
dead were also subjected to gra:,s necropsy. Dams with litters not selected as F I animals on 
PND 5 and most of the females with total litter losses were sacrificed by an unspecified 
method and discarded without examination. Maternal animals of the selected F, litters were 
sacrificed by carbon dioxide asphyxiation on PND 29 and discarded without examination. 
No tissues were retained or processed for histopathological examination. 

b. Offsprin2: On PND 5, the excess pups (i.e. those .culled during litter standardization and 
Jitters not selected as F 1 animals) were killed by an unspecified method and discarded without 
examination. Offspring that were found dead during the dosing interval (PND 8-22) were 
subjected to gross necropsy. Offspring that died or were killed for humane reasons prior to 
PND 8 or after PND 22 generally were discarded without examination, but "a smal\ number" 
of the offspring that died were examined to determine a cause of death. No tissues were 
retained from these animals. 

The offspring selected for brain weight and/or neuropathological evaluation were sacrificed 
on PND 12 or on PND 63 and subjected co postmortem examina6ons as described below. 

On postnatal day 12, 6-11 pups/sex/group (one male or one female per litter) were 
sacrificed by carbon dioxide exposure, and the brains from these animals were immediately 
exposed and immersion fixed in 10% neutral buffered formal for at least 24 hours. Fixed 
whole brain and cerebellar weight were recorded, and brain from the control and high-dose 
pups was processed in the following manner. The cerebellum was cut sagita11y at midline to 
make 2 blocks (20 and 21) and the remainder of the brain was cut into 5 blocks by making 
transverse cuts at the following anatomic landmarks: the rostral edge of the olfactory bulb 
(level 1 ); the caudal edge of the olfactory hulb (level 2); the rostra] edge of the median 
eminence (level 31; the caudal edge of the cerebral hemispheres {level 6); and the midpoint of 
the remaimng brain stem. The blocks were embedded in paraffin with the rostral or medial 
face down (as appropriate), sectioned, stained with hemacoxylin and eosin, and examined 
using light m1croscropy. 

An image analysis system (KS400) was used to make the morphometric measurements given 
in Table 2. The system used a light box. macro lens, and video camera, calibrated by means 
of a graticule. 10 take the measurements on levels 2-5 of the cerebrum/brainstem and to 
measure the height and length of the section of the cerebellum. The rest of the cerebellum 
measurements were made using a light microscope, calibrated by means of a stage 
micrometer. Measurements of width. length, and height were made over the maximum 
dimension of the indicated structure, and dorsal cortex measurements were made at right 
angles to a tangential line at the surf ace of the brain and extended from the meningeal surface 

r 

'' 
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to the inner edge of the pyramidal cells adjacent to the white matter of the external capsule. 
Bilateral features on the cerebrum/bramstem sections were measured on both the left and 
right sides unless one side was oblique or failed to show the feature in question for some 
other reason. The cerebellum was measured on one of the two slides. i.e. the one that 
provided the best sagittal section. In some cases, it was not possible to cut an adequate 
section for one of the levels. 

The image analysis system was also used to measure the length of the Purkinje cell layer on 
lobule 8 of the cerebellum adjacent to the prepyramidal fissure. The number of Purkinje cell 
bodies in lobule 8 were counted and e.xpressed as a function of the length of lobule 8. 
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Table 2. Brain morphometry. 

Brain Reeion Parameter Description and [Number} 

Frontal Cortex Height 

Width 

Dorsal Cortex Thickness on Level 3 at most dorsal point of external capsule, parallel to midsagittal 
line 

Thickness on Leve\ 3 along ;}_ line drawn at -45°from the midsagitta1 plane 

Thickness on Level 4 along a line drawn at 90°to the surface and through the medial 
tip of the dentate gyms 

Thickness on Level 5. measured m the same manner as 4A (immediately above) 

Piriform Cortex Thickness on Level 3 at midpoint between rhinal and amygdaloid fissures 

Thickness on Level 4 at midpomt berween rhin~I 1md amygdaloid fissures 

Thicl.ness on Leve I 5 at midpoim between rhinal and amygdaloid fissures 

Hippocampus Length from midline to outer edge of mo;;t latern.l pyramidal cells on Level 3 

Length from midlmc m outer edge of most l:iteral pyramidal cells on Level 4 

Width on Level 5 from inner zone <Jf dentate gyros lo outer edge of CA2 • 

Dentate gyrus: Width on Level 4 at level of most medial part of lower limb of 
CA3' 

Length on Level 4. measured parallel w a dorsal (horizontal) 
plane 

Width at widest point on Level 5 

Corpus Callo.sum Thickness at midlinc on Level 4 

Thalamus Height at midline on Level 4 

Width at widesr poinl cm Level 4 

Width at widest point on Level 5 

Thalamus/Cortex Overall width at the widest point of Leve! 4 

Cerebellum Height 

Length 

Preculmin.ate Fissure· Thickness of molecular layer 

Thickness of omer granular layer• 

Thickness of inner granular layer 

i'repyrarnidal Fissure: Thickness of molecular layer 

Thickness of outer gr,rnu(ar layer" 

Th11;k.n~ss oi inner gr;mular \aver 
,, ,., Data taken from Appendix F. pp . .,.'.W-2~5. MRJD 4(>!53301 

'CA2 =' Comu Ammoni.'. 2, and CA3 = Cornu Arnmoni~ ::I 
l> Measured only in pup, l.:1lled on PND l '.!; nm fr,und in adult rats. 

[2A.J 

[2B] 

[3A] 

[3B) 

[4A) 

. [5AJ 

[3CJ 

[4B) 

(SB) 

l3D1 

l4G} 

{SE] 

(4Hl 

{41] 

[5DJ 

[4CJ 

[4DJ 

[4EJ 

[5CJ 

{4FJ 

[8Hl 

ISL} 

[8PCF'Jvt] 

[8PCFOJ 

[8PCFIJ 

rsPPFM] 

[8PPFO] 

fBPPFI] 
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X 

X 

X 

X 

On postnatal day 63, at least 10 animals/sex/group were deeply anesthetized via 
intraperitonea) sodium pentobarbitone and euthanized by perfusion fixation with a voJume of 
formol saline approximately equivalent to the animal's body weight. Brains were 
immediately removed, whole brain and cerebeliar weights were recorded, and the central and 
peripheral nen,ous tissues indicated below (X) were collected and preserved in an 
unspecified "appropriate" fixative. The tissues from the control and high-dose animals were 
processed in the following manner and examined. The cerebellum was cut sagittally ar 
midline to make 2 blocks (levels 20 and 21 ), and the remainder of the brain (cerebrum and 
brain stem) was cut into 6 blocks by making transverse cuts at the following anatomic 
landmarks: the rostral edge of the olfactory bulb (level 1 ); the caudal edge of the olfactory 
bulb (level 21: the rostra\ edge of the median eminence (level 3); the caudal edge of the 
median eminence (level 5); the caudal edge of the cerebral hemispheres (level 6); and the 
midpoint of the remaining brain stem. The blocks were embedded in paraffin with the rostral 
or medial face down (as appropriate), sectioned, and stained with hematoxylin and eosin, and 
the spinal cord sections (including spinal nerve roots and dorsal root ganglia), eyes, and 
muscle sections were processed in the same manner. The peripheral nerve tissues were 
embedded in resin, sectioned in a "semi-thin" manner, and stained with toluidine blue. 
Detailed morphometric evaluations and enumen:ition of PurkinJe cell bodies in lobule 8 of the 
cerebellum were conducted in the same manner as for pups killed on PND 12. 

CENTRAL NERVOUS SYSTEM 

BRAIN 

Cerenrum :ind hrainstem (transverse secti,m'>\ 

Cerehellum (sagittal sections) 

X PERIPHERAL NERVOUS SYSTEM 

PERIPHERAL NERVES 
[transverse and longitudinal sections) 

X Proximal sciatic nerve ' 

X Proximal tibial nerve • 

X Distal tibia! nerve (calf muscle branches) • 

SPINAL CORD OTHER 
[tran~verse and longitudinal sections) 

Cervical swelling 

Lumbar swd!ir.g 

X E)'e {with optic nerve and retina) • 

X Gastrocnemius muscle (transverse secttons) • 

X Spinal nerve roots at cervical swelling b 

X Spinal nerve roots at lumbar swelling b 

X Dmsal root ganglia at cervical swelling• 

X Dorsal root an lia at lumbar swell in b 

Datu taken from pp. 26-:Z7. MRID 46153302. 
• Right :llid left preserved; left processed for examination. 
• Spinal nerve roots and dorsal root ganglia were included 111 transverse secrions of the spinal cord. 

In addition, al least 10 animals/sex/group were sacrificed on PND 63 by carbon dioxide 
exposure. and 1he brains from these animals were immediately removed, weighed (whole 
brain and removed cerebellum). and stored in an unspecified fixative. 
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No quahtatJVe or quantitative evaluation of brmn from pups or adult offspring of the iow- and 
mid-dose groups was conducted. 

D. DATA ANALYSIS: 

1. Statistical analyses: Maternal body weight during gestation and during lactation were 
analyzed using analysis of covariance (ANCOVA) with GD 7 body weight and LD 1 body 
weight, respectively as covanants. Maternal body weight on LD 1 was analyzed using an 
analysis of variance (ANOV A). and maternal body weight on GDs 1 and 7 apparently was 
not analyzed statistically. 

Offspring body weight was evaluated on a litter basis. ANCOVA was used to analyze the 
mean pup weight on PND 5 pre-cull and to analyze the mean weight of the selected F 1 

offspring during PNDs 8-63. The mean body weighton PND 1 and on PND 5 post cull were 
respectively used as covariants, and both were anaiyzed used A.NOVA 

The following data were analyzed using ANOV A: gestation length; litter size; total litter 
weight on PNvs 1 and 5; moior activity measurements; max amplitude and time to maximum 
amplitude in startle response tests: (litter based) time to preputial separation or vaginal 
opening. (litter based) body weight at preputial separation or vaginal opening; brain 
morphometry data: and the number of Purkin_ie cell bodies per mm. 

Whole brain and cerebellum weights were analyzed using ANOV A and using ANCOVA 
with final body weight as the covariate. Brain to body weight ratio was not analyzed 
statist1ca I ly 

The following parameters were analyzed using Fisher's Exact Test: the proportion of Jitters 
with gestation length less than. equal to, and greater than 22 days; the proportion of whole 
litter losi, m ea:::h group; and the proportion of males and females with observed 
developmental landmarks (preputial separation and vaginal opening) on each day. 

Data pertaining to live born pups, pup survival pre~ and post-cull, and pup sex were evaluated 
as follows: 1) mean percentages were analyzed using ANOV A following the double arcsine 
transfom1at10n of Freeman and T ukey: 2) the proportion of pups horn alive, the proportion of 
pups survivmg, the proportion of litters with all pups born alive, the proportion of litters with 
all pups :;urvi ving and the proportion of male pups were analyzed using Fisher's Exact Test. 

Data from the water maze testing were analyzed as follows: l) mean swimming times in the 
straight channel and for each individual trial in the Y-maze were analyzed using ANOVA; 
2) mean percentages of successful trials at each cut-off value were analyzed using ANOV A 
following the double arcsine transformation of Freeman and Tukey. 

All statistic:il tests were two-sided and used significance levels of p<0.05 and p<0.O 1. 
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a. ~eproductive indices: No reproductive indices were calculated. 

b. Offsgring viability indices: The followmg viability (survival) indices were calculated by 
the reviewer from lactation n!cords of Jitters in the study: 

Live Birth Index(%)= (Number of pups born alivefTotal number of pups born)xlOO. 

Viability Index{%)= (Number of pups alive on LD 5/Number of pups born ahve)xlO0, 
· calculated both including and excluding litters with total litter losses. 

3. Positive and historical control data~ Historical control data were provided for the 
incidences of minimal and slight demyelination of the proximal sciatic, proximal tibial, and 
distal tibial nerves. The data came from 4 studies conducted during October 2001 through 
July 2002. No further information was provided conc.eming the materials, methods, and 
personnel used in those studies. 

No positive control data were provided. However, the following citations for previously 
conducted positive control and/or methodology validation studies were included in the 
"'References" section of the study report (p. 36, MRID 46153302): 

• Allen. S ( 1993) Measurement of motor activity in rat pups. CTL Report No. 
CTIJP/4155. MRID 44064701. 

• Allen, S. ( 1994) Assessment of learning and memory in rats. CTL Report No. 
CTUP/4257. MRJD 44064702. 

• Allen. S. ( 1996) Tri methyl tin chloride: investigation of neurotoxicity in rat pups using 
morphometrics and startle response. MRID 44064703. 

• 

• 

Allen. S. ( 1995) Developmental neurotoxicity study in the rat using dietary restriction. 
CTL Report No. CTUP/4383. MRID 44064705. 

Chivers, S. (2003) Motor activity: positive control study in rat pups. CTLReport No . 
CTUWR04 75/Regulatory/Report. 

Milburn, G. (2003) Dizocilpine and mecamylamine: positive control water maze study in 
rats. CTI, Report No. CTL'WR0442/Regulatory/Report. 
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1. Mortality and clinical and functional observations: One high-dose female was sacrificed 
on LD 3 due to clinical signs of discharge from the left eye, pallor, piloerection, and slightly 
hunched posture and thin appearance. One mid-dose female died on GD 24 due to parturition 
difficulties. 

No abnonnal FOB findings were recorded on GD 10, GD 17, or LD 9. The following 
abnormal FOB findings were recorded on LD 2: chromodacryorrhea (graded as "bilateral") in 
one high-dose female; paleness (graded as "present") in one mid-dose female; piloerection 
(graded as ·'slight") in one low-dose and one mid-dose female; and thinness (graded as 
"slight") in 2 low-dose females. All of these observations were of 1-3 days duration and 
resolved by LD 4. These findings were not considered treatment-related because each was 
only present in one or two animals, and there was no evidence of a dose response. 

2. Body weight: Selected group mean body weight data for pregnant or nursing dams are given 
in Table 3. Mean body weight and body weight gain of the treated dams were similar to 
those of controls throughout gesration and lactation. 
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Table 3. Maternal bodv weii?ht • 

Dose (mg/kg bw/day) 
O!Jservations/study day 

Control 0.1 1.0 

Gestation [N = 30 30, 29, and 27 dams} 

Mean body weight (g): 

GDl 25(1.9:tl 5.8 257.1±18.4 257.4±18.4 

GD7 292.6±14.2 291-5.:tl?.5 289.0±15.8 

GDl4 330.7±15.2 330.5±19.7 325.5±15.7 

GD22 395.9:t22.4 394.1 ... "5.0 393.0+-2L3 

Weight gain (gl ', 

GD 1-7 35.7 34.4 31.6 

GD 7-l4 3&.l 39 36.5 

GD 14-22 65.2 63.6 615 

Lactation 

Mean body weight lg): 

LD 1 fN:::: 24, 27. 22, 21) 299.5:?:22.6 298.3±33.0 299.2±19.4 

LD7 [N 23, 21. 20, 13] 313.7:tl0.3 3 l 0.0:±:2 l.8 312.3±19.6 

LD 15 [N = 23. 21. 20, !3] 348.3±2!.5 343.5±19.7 347.2:::16.4 

LD22 !N"" 23. 2 L 20. l3 I 355.7±16.0 354.0:d7.3 353.fu:16.8 

LD29 [N 23, 20. 20, 13] 345,3:!:16.5 34-1.1+19.7 337. )±21.5 

Weight gain (gl 1. 

' 
LD 1-7 14,:2 Jl.7 13.l 

LD 7-15 34.6 33.5 34.9 

LD l5-2:: 7.4 

f 

10.5 6.4 

LD 22-29 -JOA c}2.9 -]6.5 

Data taken from Tables 4 and 5, pp. 72-74 and 75-76. respectively.1vIRID 46153302. 
•' Mean body weight values are given as Mean ::t Standard Deviation, with group sizes as indic;ited. 
'' Calculated by rev1rwer using group mean hody weighf values: nor analyzed sUHistical!y. 

1.S 

257.9±16.8 

292.5±18.4 

328.6±2,0.3 

402.0+..28.9 

34.6 

36. J 

73.4 

309.4±30.9 

32 L8:t22.9 

363.3±:24.7 

367.5:t:14.6 

347,5•12.6 

12.4 

41.5 

4.2 

-20 

]. Reproductive performance: The reproductive performance of the F0J emales is summarized 
in Table 4. There was no treatment-related effect on gestation length. Two low-dose dams 
littered on GD 23, one mid-dose female was found dead due to dystocia on GD 24, and the 
remaining dams delivered on GD 22. One mid-dose female had a litter of 14 dead pups (and 
none live 1, and two high-dose females had total litter resorptions. 
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Table 4. Reproductive performance. 

. Dose (mfYk.e bw/day) 
Observation 

Control 0.1 1.0 7.5 

Number mated 30 30 3D 30 

Numberpregnaut 1%J 30(100%) 30 (100%) 29 (96.7%) 29 (96.7%) 

Incidence of dvstocia 0 0 I 0 

Total litter resorpvons 0 0 0 1 

Litters born dead 0 0 I 0 

Numher of litters with live pups on LD 1 30 30 27 ..,--1 

1ntercurrent death or moribund sacrifice 0 .0 0 1 

Mean (:t:SDJ l!esrntion duration /days) 22.0:t:O.O 22. L±-0.3 22.0:±0.0 22.0:±0.0 
Data taken from tc,t and text mble. p. 29. T;:,hJe. 6 /p. 77), Appendtx 4 (p. 772). and Appendix 5 (pp. 776-786). MRID 
46153302. 

4. Maternal postmortem results: Ten F0 females were necropsied. These included the mid­
dose female that died from dystocia, the high-dose female that was sacrificed moribund, four 
females that failed to litter by GD 25 ( 1 mid- and 3 high-dose females), and four dams with 
total litter losses (2, Land 1 from the low-, mid-, and high-dose groups, respectively). A 
pale liver was noted in rhe femzle that was sacrificed moribund. The female that died due to 
dystocia had one dead fetus in the vagma and other dead fetuses in the uterine horns, with no 
abnonnalit1cs detected in other tissues. Recorded observations from the 8 remaining animals 
were limited to counts of implantation sites :.md/or dead fetuses rn uterine horns or a 
statement thal implantation sites were absem. The results from one animal included a 
statement that no abnormalities were detected in other tissues, and it is unclear whether any 
other organs or tissues were examined in the remaining 7 animals. 

B. OFFSPRING: 

1. Viability and clinical signs: Litter size and viability (survival) are summarized in Table 5. 
In all group~, including controls. there were i110rdinate numbers of pup deaths and total litter 
losses between LD J these findings were considered incidental to treatment. During LD 5-
22. the numhcr of pups found dead (with or without cannibalization) or missing/presumed 
dead in ali lrcmcd and control groups remained high. Other clinical observations included 
such findings as hypothermia, pale pups, damaged tails, and injured limbs. and none appeared 
dose- or rrcatrnent-related. 
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Tables: Litter size and viabilitv 

Dose (mlifke bw/dav) 
Observation 

Control 0.1 1.0 7.5 

Total number t)()m 368 371 354 340 

Number born alive 363 367 331 330 

Number born dead 5 4 23 10 

Number alive Ll) 5, pre-cull 281 303 273 228 

Number alivt:> LI) 5. post-cull': F 1 Males: 01 83 83 56 

I\ Females: 93 84 84 56 

Total F1 anim.a.ls: 184 167 167 112 

Deaths (Number of pupsJ LD 1-5: ' 0 82 (,4 58 89 

Deaths {Number of F1 offspring] LD 5-2~: ' 

Males: 0 ..,. 7 11 J 

Femnles: 9 5 4 2 

Combined: 9 12 11 13 

Mean litter size·· LD l: 

J 
12.1:!:2.3 12.0-,._2.6 12.0±2.2 12.1±3.1 

LD .5 (pre-cull) !17±2.6 l L2±J.l 11.9:!:2.2 10.9±3.& 

Sex Ratio (% male,: LD !: 
\ 

4li.R 47.4 45.6 49.7 

LD5: I 49.8 49.2 46.2 50.4 

Live birth 1mlex {%) <l I 98.6 98.9 93.5 97.1 

Viability index ('~)' ' 
I\ 

77.4 82.6 82.5 69.0 

Litter dispositwn: Number with live pups cm LD I ( >0 30 27 27 

Total Liuer L1),ses LD l-5 \ 6 3 5 f 5 

Number Just 10 m.llcrnal sacrifice 0 D 0 l 

Number u:-ed a~ F1 offspring ,i~ __ .., 
21 21 14 

Number killeJ LD 5 /unsuitable as F 1 I 6 2 7 
Data taken from Table~ 7. 9. 10. ll. 14, and 15. pr 78. 80, 8!-82, 83.86, and 87-93, respectively,MRID46153302. 
• Calculated hy reviewer. 
• Excludes dat:i Imm !mer of high-dose darn sacrificed moribund. 
' Values given a, M.:an::: Standard Deviation. with N "" 24. '27, '.::3, and 22 on LD l. and N = 24, 27, 23, and 21 on LD 5; 
data excludt>d from l!Ht>r5 with total li11er tosses 
" Live Binh Index ((!,} (N,1mber of pup~ born alive!Tm.al numhcr of pups born)xlOO: calculated by reviewer. 
' Viability Index 1•;;. 1 (Number of pups alive on LO 5/Numher of pups born alive)x 100: calculated by reviewer. 
' lncJudes one m1u-d,i,e tittei that was born dtad. 

2. Body weight: Pre- and post-weaning off spring body weight data are summarized in Tables 6 
and 7. There were no adverse treatment-related effects on offspring body weight during or 

' ' 
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after lactatwn. Sman hut statistically significant increases in body weight of high-dose males 
and females were not considered toxicologically relevant. 

Table 6. Pre~weaning offspring body weight data (g) • 

Parameter/Postnatal Day or Interval Dose (nlg/kg bw/day) 

Control 0.1 1.0 7.5 

Males 

Mean body weigtir: PND l 5.9'±0.6 6. t:t0.8 

PND S \po:;H:ul\) '..!l. 21, 14] ll.4:t:l.l 9.4±1.2 9.5:!:l.l 9.8:tl.l 

................ PND. 17 ... ········· ..................... ·••· ····•················ \_2'.!.6±2. l ······· __ 22.5::t2.1 _____ .. __ 23.7±2.6······· _ 24.2±2.7 ...... ,. ... . 

PNJ) l"" Unadjusted and [Adjusted} 1, j 3_:5 l:t'.2.8 35~4:'3.4 36.8±3.5 38~0:t::.9 < 

• f.·,5.3J [ho] 136.7] fJ,.6 (107) J 

PND 2'.: Unadjusted and ; Adjusted] 55.4:t:4.8 5!. 2:t3.8 5L6:t3.R 53.2±4.l 
15141 f5L8) [53.1 J [54.9 *"" (107)) 

BW Ga.in°· PND l-5 (pre•cum 36 3.4 3.6 

PND 5 (pose-cull) through Pl\"D 22 41.8 42.2 43.7 45.6 ( 109) 

Fem.ales 

; 5.5±06 5.7±06 5.6:t0.6 5.6±:0.6 t···· ....................................... " ..................................................... . 
PND 5 ,pre-cull) [J',;=24. 27. D. 19] ! o.1±1.3 '>.O:!:l.5 9.2:d.2 9.3:tl.2 

• •• • • •••• ••••••" ••• ••• •*-*•••H,OU,o••••~••••---•••••••u••~ .. •• .. ••••••• .. • !••••••••••••••••••••••• ••••• .. ••••u••••••••••• ••••"•H•H••••••••U"•• •••••••••~••••••••••••'>•••>•r 

PND 5 (p,>,(·CUI!) {N=23. 21. ::n. t41 \ 9.0±t.2 8.8:!:l.2 9.2:d.1 9.3:tl.l 
••••-••u•••••••--•••--••< ,, '•• •' -• • •• -~•-••••••-.. •~•~••••,.• • •-~•-••••·H • •• ••••• • •<•♦ •••• •• • • •••H• •• , .. ,. ♦ •w•••••••·• "••••• •O•H••••••••••••• • •w•H"'••••""'h"H""'•• •"'••• o ........................... ~ .. 

PND l2 

PND 17 

'2 L9::i2.J 

Unadjusted aml [Adjusted] 34 4=:3.0 

PND 2:'. llnadJusted and fAdju:;ted] 49.7:::3.9 
/49.7) 

BW Gain a: PND l-5 (pre·cul!! 36 

PNJ) 5 (post-cum thrcrngh PND 2:.'. . 40.7 

21.5:r.2.1 

33.9:t:2.7 
lM.2} 

4<?1.7::t3.6 
[50. J] 

3.3 

40.9 

Data tak.en fron, Tahle', [2 and 16, pp. 84 and !24-129. re~pectively. MRID 46153302 

22.9:t:2.5 

35.5:.t:3.0 
[35.4) 

51.5±3.4 
[51.3] 

3.6 

42.3 

36.8:t2.9 
136.5 * ( 106)} 

53.3±3.4 
(52.') *"' 006)l 

44.0 

• Values are given a, Mean:± Standard Devi;:nion. calculated on a liller ba<;is. Gmup ~iz.e~ \NJ are indicated each time 
there is a chan1c:e in numher. 
" Data were anaiyz.eu using. ANCOVA. <;,,ith p1)S!-culi PNJ) 5 hody weight as r.he covariate. Covariate-adjusted means 
are prondcd when ~tansiical srgnific:wce w.is found. 
' Numher, in parentheses equal percenr of cuntrnl; calcu,ared by reviewer. 
" Calcularcd by reviewer u~ing group me:ln ti<,dy wei~h1 v;;.iues: nol ,:malyze<l statistically. 
Significantly ctiffert'Tll from control: '· r,<::O,OS: *'' p<O.Ol. 
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Table 7. Post-weaning offspring body weight data (g) • 

Parameter/Postnatal Da}' or Jnterval 

Mean body '.veight: 

PND 29 Unadjusted and \A~iustedl" 

PND 36 linadjusted and \Adjusted] 

Control 

91.2±6.2 
[91.5] 

143.4±9.5 
[ 143.8] 

Do!iie (mg/kg bw/day) 

0.1 

92.0±5.l 
\92.3] 

141.9±7.9 
Il42.3J 

1.0 

Males 

92.9±7.0 
[92.8] 

146.8±9.6 
[146.6) 

7.5 

96.3±7.1 
195.5 .. {104) CJ 

151.5:tl l.8 
1150.3 "'(105)] 

PND50 253.5:t:16.7 253.4±I3.6 259.4±16.3 265.7:t:17.6 

PND63 344.2±:ni 344.2±1s.2 352.7±24.1 359.6+....23.oo 

BWGain ": PND 29-63 253.0 252.2 259.8 263.3 

females 

PND 63 ! :'. !O 7±! 7.2 215.9±15.7 219.B:t:13.6 219.8±7.3 
I 

BWGain °: PND 29-63 / !25 I l 30.3 132.5 130.1 

Dam taken from Tahle 16. pp. 124-129. respectively. tvfR!D 46153302. 
• Value, are giYen as Mean:!: Standard Deviation: ca]rn: ated on a litter basis with N:::23, 21, 21. and 14 for control, 
low-. mid-, and high-dose group,, respectively. 
"Daca were analyzed using ANCOV /\. with posr-cull P~,iO 5 hody weight as the covariate. Covariate-adjusted means 
are provided when .c;w.iistical significance was found. 
'Number,; in parentheses equarpercent of control; calcL:!ated by reviewer. 
J Calculated by reviewer using group m~,m body weighr v:ilues: not analyzed statistically. 
Significantly different from cootrol: * p<0.05, "'-• p<0.0 l 

3. Developmental Jandmarks: 

n) Sexual maturation: Data pertaining to of.fspring sexual maturation are reported in Table 8. 
There were no hiologically relevant effectf,. 
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Table 8. Mean ai?e and boch wei2ht at sexual maturation • 

Dose {mo, kf> bw/dav) 
Parameter 

Control 0.1 1.0 7.5 

N (MIF) 23/23 21/21 21/21 141.14 

Preputial separ;nion (males) 

Age (days1 44.6±1.4 44.4.:tl. l 43.9:.tl.2 43.8::t:1 .2 

Body weight (g) 208.7±12.3 207.3±10.6 208.0±14.0 213.2±11.6 

Vaginal openin~ (frmales) 

Age (daysJ 36.8:=i4 37.1:tU 37.0±l.3 37.2±2.2 

Body weight (g) l::!9.6±1 l.3 l3L1:t9.4 134.6±10.0 137.8±12.9 * 

Dam taken from Table l7. pp. 130-131, MRID 46153302. 
• Values are given as Mean± Standard Deviation, with group sizes [NJ as indicated. 
Significantly d: fferent from control: p<0.05: p<0.01. 

4. Behavioral assessments: 

(lM, 

a) Functional observational battery; No trearment-reiated findings were seen during FOB 
testing of the animals. Exophtha\mos was noted (unilaterally) in l/13 mid-dose females at 
PND 46. A:I other FOB observations at all other time points were scored as "no 
abnonnalilies detected." 
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b) Motor activity: The motor act1vity data are reported in Tables 9 {total activity counts) and 
10a and lOb {sub-session darn from males and females, respectively). Total activity counts 
generally increased with increasing age, and no significant differences were found between 
the total activity counts of the treated and control groups of either sex on any testing day. 
Statistically significant differences were noted sporadically for individual sub-sessions, but 
no dose-- or time-related pattern was evident. It should be noted that habituation was not 
evident for any group on any day, including controls, and the sub~session counts were highly 
variable between successive intervals within sessions. 

Table 9. Motor activity data: total activitv counts. for session • 

Dose (tllf.:/k£ bw/dav) 
Test Day 

Control 0.1 ].0 7.S 

Males 
PND 14 lN= 1:2. JO, 10, 7J !92.3±126 7 267.2:±:189.7 160.1±146.S 194.7 ... 169.0 

PJ'.i'D 18 [N= !2. 1 J. IO. 5] 241 .8:tl29.1 192.2±! 25.4 [35.7±111.6 241.2±228.3 

PND22 [N=l:2.11,9,5} 435.9:tl44.3 384.5±164.3 363.&+ l 52.4 386.6±149.1 

PND60 jn::cl2,ll.9,5J 430.4:±:117.2 488.8±154.7 467.B:tl 19.3 391.0±123.5 

Females 
PND 14 rN=l I. 7. JO, 7] 2'.:'3.3±110.9 l66.0:tl8Ll 256.8±:166.3 213.6::tJ 90. l 

PND 18 lN=l L 7. 10. 7J 237.7:d46.3 199 9:ti72.3 194.7:!:91.2 201.3+105.3 

Pl\'D :1:1 /N=l l. 7. JO. 7] 310.l::tl44.8 326 0±100.6 341.CJ± l 38.3 386.6+88.8 

PND60 [N-:;i l, 7, IO, 7] 55&.4±121.5 577.7· .. !09.8 M!.2:t:80.7 578.7±92.6 
Dara taken from Table J 8. pp . 132-. M]{ID 4615330-. 
• Values given a, Mean::: Sumdard Dcviaiion. with group sizes [Nj as indicated 
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Table IOa. Motor aC!ivity sub-session data from maJes (activity counts/sub-session) • 

Test Day/Suh-session Dose (mg/kg bw/day) 

Control I 0.1 

PND 14 I 37 4±28.0 41.lh-21.9 

\N:d2. lO. \Cl 7\ 2 24.5±~3. l 37 6±22 I 

3 2L2±l73 34.9±2L2 

4 24 7±21.0 29 0:tJ9.2 

5 23.2±183 35.:5±29.0 

6 I 2.5± 12.3 22.7:t23. I 

7 !6.6±26.0 li0:tl63 

8 9.J:::13.0 24.2.±37.2 

9 12.2±13.3 184±260 

IO 10.9±15 l I:2. l:::2:_5 

PND 18 I 2i.7±l64 26 5:,:21.3 

[N::=12. 11. 10. :ii .... 317±164 30.6:t:20.6 "' 
1, 26.3±21.0 J{).4:,:20.! 

... 2l7±2l.7 27 5.:c29.8 

5 22.6±314 !9.4±19 5 

6 29.4±3 l.5 t : 7 .6:t::'4.2 

") 234±25.6 l2.8tl7 4 

s 15,6±23.3 i !4.7=-:15.9 

9 21.&:t?.i .J I 102±167 
I 

10 21.6±28.8 : 2, .5j:2 l. 8 

PND '.!2 : 45.5±22.0 l ~,6.0:::27 l 

[N"'l2, l l. 9. ~ I ' , 43.7::::16.9 8="24.2 -
3 4\J'b:27.0 :9 4:24.8 

4 47.3:=32.5 40.3~28. l 

"· 40.2±2~.2 I ·1c; 6::t:26.3 

6 52 .5±21.0 I 39.5:::1..18 

7 46 Oc:19 4 \ JR 9:t2U 9 

8 41.S::::27.3 4---1 5±29.0 

9 4 l .'.!:r2i 2 .~f..1:::2~: 1 

10 16 1±26.0 J4 2.:;:25 4 

PNIJ 60 l 67 2.:;:7 9 {17.9:::9.6 

!Nc:12. l J. 9. "I 2 <1-4 . .::.!:~) l <•:2.7:t: H.:'i 

' SE h'.:06 ~i! '':,:2:2.0 

.i 47 R:t22.I : 5 8± 17 4 

34. l:!:20.2 :,7 9.::31.9 

(J 24.2±:'4 0 42 3:,:2(, 9 

36 }:,:27 5 ,,, 9:t2'1.6 

i i; 34.0:.L28.3 .l~'i.6:'!:30,5 
,, .'\S t,::t:29 7 J..":.2±24 . .i 

JO 25.5·•"3.5 4) 7:t29.~1 
~~ Data taken from fabh J b. pf .. b.:- 139. MRIL• 4615330::'. 

• VaJues arc given :is Me~,n ;;· Standard Dev1n110n. with group s11,· IN) as indicated. 
Significantly diffrrem fro.11 control " ri<O.U.5. *"' p<0.0 l 

1.0 

22.7±22.6 

28.1±23 4 

19.1±!86 

25.1±23 4 

15.0±17.5 

7.4±14.5 

14.8::t20.8 

13.6±19.5 

7.4::t12.2 

6.9:::12.9 

152±148 

15.1:t!l.3* 

15.3±17.3 

13.9±14.7 

20.3±26.7 

,2.6±23.7 

i2. b:'24.8 

7.9±13.8 

14 5±2 l.2 

S 8:J:13.8 

41.9.±l7.0 

~53±19.6 

31.9±196 

531::13.8 

40.3±i8.3 

27 .8±24.7 * 
260:!:255 

:;9.7±28.3 

38.3±25.4 

39.4±27.9 

t.6. l:!:7.3 

6i .4±13.2 

59,0:t:l3.4 

54.(1:':12 1 

38 0±27.5 

::.7.3:t:27.6 

:n.fo:28.4 

:,8 7=:30 6 

41.7:-!:28.7 

44 0±264 

7.S 

28.9±21.0 

26.7±27.1 

21.4±21.9 

32.M26.2 

I J.9±10.1 

10.9±12.4 

19.9±26.7 

21.0±28.S 

14.9±16.5 

6.7±9.6 

26.2:t.28.6 

36.4±21.5 

1,4 .. 2±28.J 

19.8.±30.5 

17.8±25.4 

19.2.±23.7 

H.8±27.4 

:04±27.9 

24.2±31.l 

23.2±34.5 

47.0±12.5 

36 8±26.2 

40 8±17.3 

2}.8±27.5 

54.2±1,l.0 

26.0:t.27.0 * 
38.0±27.2 

410±23.2 

:>0.2±21.9 

42.8±30.0 

58.0±8.1 
,. 

53.6±1 l.6 

510±12.3 

4'.l.8:1:21 4 

40.6±21.7 

51.6±29.2 

2') 4±19.7 

'..:: .0±25.4 

J".2.:±25.6 

2/1.8±2 l.5 
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Table 10b. 

Test Day/Suh-session 

I PND 14 1 
[N== l L 7. 10. 7 J 2 

3 

4 

5 

6 

7 

8 

9 

10 

PND 18 I 
[N=ll. 7.10. 71 2 

3 

4 

6 

7 

8 

f./ 

10 

~ ! 
[N=l I. 7. JO. 71 .2 

3 

.; 

I 'i 

' (i 

·r 

8 

<1 

10 

PND60 ) 

[N=l l. 7. 10, 7 ! . 
·, 
.J 

~' 
(J 

t 
9 

10 
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Motor activity sub-session dala from females (activity col.llltslsubsession) a 

nose (mg/l<g bw/day) 

Control 0.1 J.O 7.5 

36.8:t20.3 2:'i.6±26.8 27.S:t.24.2 43.0±29.5 

27(1+20.0 !9.9:1:25.9 30.7±19.0 29.3±30.0 

29.7:tl8.7 25 ,.,.,, I 8 31 4±22.4 3 J. I :.t28.5 

25 . .:!•±'.W.O 21.4±23.S 38.3±26.1 15.4±13.5 

12.4±13.2 13 7:t23 9 28.2.±30.2 Hl:t23.5 

lS.2±19.5 f!.9±17.3 23 6±27.5 J 9.3.:tl 8.4 

21.3±!74 JOQ:t:177 25.7±210 11.9±13.9 

20.6;:;7,2 I 6.3±21 16.9±16.2 9.1±16.6 

15.7±14.7 Q.6±16 0 21.2±24 6 13.1±17.6 

16.3±15.7 !.l.7:!:17.8 13.0:t:18.I 20.1%31.7 

2J.u;;;,.;;,..:..v 27.7±17 I 26.0:t:23.0 14.0±15.3 

30.4:t28.9 28.6±"4.5 15. 7:tl 6. l 2 i.9±19.8 

•3. 'i:+'>"'.Q :'i.3:tl6.9 28.9±32.4 27.6±26.7 

2o6t274 23.9±24.3 IS.9:i:23.5 n 7±! 7.4 

18 7:.'::148 2b9±26.6 26 6±22.;I l 1.3±14.7 

16.7:tlS.4 8.7±22.6 '.23.3±20.2 18.6±22. l 

"'3. i·• "''-~ \5 7:::209 i9.S:!:HU 2:..7±25.6 

22.9±225 j.c. -1±24 8 174±'.25.] 14.0±17.2 

18.S:t22.IJ t l--A:,:25.5 l 1.6:!:i&.4 2o.6:t24.8 

2 !.3:,:2 l.9 1.;.3±22 6 9.8:::20.l 29.0±30.} 

26.5:-.22 4 21.9+!6.2 36.9+27.0 36.3+!3.3 

24.3:!:20.2 22.4±15.0 29.4±18.8 3'U±22.7 

33.5:T.22.0 2:;_ i:t 15.6 25.4±225 424±17.0 
,<;_'1.:?1.3 32.6:tl 74 39 l:t27.5 40.3:t24.3 
,.,.,_..,,.·"'5.1 :Cti1±l7.0 38 6±29.3 28 6:t22.9 

24.9:tl9.J 2:, ' 1:,.:2? 8 ]7 6:i:260 45 0±22.7 

' 4101:26.3 -4:'..7±i4.2 31.2±14 4 3.1.4±23.l 

4 f 9±20 3 3c1 9±14.6 39.5:;;:22.3 50.4±30.2 

42 5±26 0 41 (hl9.7 33 9:i:25 5 29.7±22.7 

27.~±24.0 .. p J:::l'.3 294;:23.3 45.1±32.4 

62.3±9 ! :1'' 3=10., 66.7±8.6 62.6±17.2 

6!.3:d3 7 l.rl 1_10.i 6J.4:;:J4. l 6L4±!7.0 
(,f4-<:J{) J 57.6::!4.l 67.6zlW 64 7±15.3 
58.1 :': l:.8 6-1 O:c: 15. l 64.9:i:]19 M 6±14.8 

58.::::l l.4 63 1:tl7 S 71.5:t:7 0 • 64 1±13.5 
48.2±109 5'.U:::2(1 7 63.0:;: I J.! 564±28.3 
52.61:22 7 5.' 7.±J J(J 645:t:16.7 454±24.5 

52 O:t24.~ .J9 0:tl I ~ 554::t2J J 43 !+-26.9 ~ 
I 

55.~±~ 1.8 54. l :tL'i 5 62.6.::l 3 ~ 5:17+17.2 

I 486::,;17.7 ~tJ.4,4 i 2.5 6', f,,.. j S 7 " 62.6+7.5 -" '. "~ Data taken from Table IS. pp. L,2- 139. MV.,D 46L'b.,02 

'· Values are given a, i'>-lcan ± Standard Dc•naLon. w,tb group siLc !"11 ,is ,ndicated. 
Significantly different lrnrri control ' p<O.O';. n p<O.O l. 

\ 
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c) Auditorv startle reflex habituation: Results of the auditory startle reflex habituation testing 
are given in Table 1 la (startle amplitude) anu Table I lb (time to maximum amplitude). 
High-dose males had increased mean startle amplitudes during block numbers 2 through 5 on 
PND 23, although habituation over successive tnat blocks was still seen. Hab1tuation was 
seen over successive trial blocks in all groups on both days and in general appeared to be 
more pronounced on PND 23 than on PND 61. The mean times to maximum amplitude of 
the treated groups were similar to those of controls except for one statistically significant 
increase in mid-close females during block number 4 on PND 23. 
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Table Ila. Auditory startle amplitude (V)" 

Test Day/Block Dose {mg/kg bw/day) 

Control 0.1 

Males 

PND23 I 362.5±1513 463.9:t:2l5.6 
[N== l l. IO, lll. 5] 

2 237.0±57. l 291.9±67.5 

3 221 !±64.4 :!72 7±50.Q 

4 l99.5:t{Sg 242 7±37.3 

5 179.8:t 7::.6 2271±44.:2 

PND6l I i 45 J. 9:t 168.0 ]307 4±517.0 
fN=l L JO. JC,. 5/ 

2 976.5±263. 9 9734±245.9 

3 897.9:!:'.:'l&.5 962 6±2'.:':i.8 

4 899.1±2545 940 (}±444.6 

5 885.5:t27 3.2 959 3:!:579.4 

Females 

PND:23 I 383 (I± 152.8 ]9'.'.7±1153 
[N==I !, l l. 10. 7] 

~ 286.8±80 4 282.-:?-:c56,J 

\ 239.8±44 4 23£, l:t63.2 

-1 246.3-:.:46 'l 2:!8 .3±57 .6 

', '.:'27.3·:t:39.7 :'JO. r:1:70 7 

I I f 
I 

PND61 979 .8:t3803 l05'.l 4:tl89 2 
[Nc:=1 I. 11. 10. 71 

,___ 
~ I 9:11 4±266.8 l 034.1 :;:247. l 

~ 926.0:t'.'.Q(l q <l-15 9±330 4 ......__ 

4 698 0±241 4 758 7• . .'.'.78 2 

5 837.9-<J27 l I 694 7~164.7 
. -Data taken from Tabk 19 pp. 140- 143. MRID 4bt 1'.\3ff2 

" Values given a.s Me:,11 Standard Dev1a:1on. with gioup Sl7e 1;--.,J a, inu,cated. 
Sigmficamly diffor<.'m fn·,m control: * p<(! O:". p<O.O l. 

1.0 

451.6:t:JOS.O 

258.7±55.l 

271 0:tS4.3 

224.1±44.6 

218.7:t63 7 

1203.7:2916 

I I l5.5::e360.9 

096.0:t2334 

9S4.9:t2S0 9 

753.1±344.2 

382 8±1079 

28}.6±64.4 

28G4:t9'..:.9 

2 l 5. l:t 78.2 

214.8±56.0 

1206.5±290.1 

l 129.8±287.8 

994.4:t31: .0 

7:11±:162.S 

7.10.5+247.3 

7.5 

459 O:t !24.4 

33\.9:t:90.t * 

326.7±127.5 .... 

284 6±73.2 ** 

24<;' .:!.:t:44.6 * 

119-+8:214.I 

l I 84.5:t:169.3 

93\:..'}±235.3 

1050.2.±233.6 

916.8±210.7 

320.8:t 70.8 

325 6:1:!98.5 

24C8:!:101.4 

245.l:tl 12.9 

22.2.2±109.0 

I !03.2±31 O. 7 

995.0±436.'.:' 

7%.6j:2)l.l 

76,.7±98.0 

790.5±180.3 

}: . .C 
.I 

j. 
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Tahle llb. Auditory sl.artlt reflex: time to maximum startle amplitude (msec} a 

Dose (mg/kg bw/day) 
Test Day/Block 

Control ti. I 

Males 

PND23 I 25 8:,:4.9 28.6:': ! 1.6 

[N=l l. 10. 10. 5! 
' 21.6±2.9 :!I 2±3.7 
~ 

3 '2 l.3±3 .1 21 ·7:t4_g 

,+ 21 7±3,3 20.7±3. I 

5 2L{k25 I 20 i:c:2.7 

PND61 I 25.3±5.8 2-L.'±c.3 

[N=l l. 10, 10. SJ 
..._ 

2 :2.3±.~5 22.9£\ 

'.\ 22.7±3.0 23.::±3 'J ---
.i 2:2.7:t.2.B 2Lh29 

5 22.9±2 9 25.3:!3 ., 

J,'emales 

PND2:- j 
II 

29.0::::7 6 I 26 '<±6. ! 

[N==l L JI, 10. 7) ., 21.i±7'3 216=:3,(; 

3 20.(J:::2 2 22 7:;:5.S 

j 19.2:tl.l 20. 5±2.t. 

1~ I 19.8::::2.6 I i9 S::::16 

PND6I I I 
I 

:24.8±4.4 ! 25.0:,:3.9 
' 

l 

!N=l l. l I, JO. 7] 
2 2.'\ b:H: 25J):!:':.3 

) ::!l.4c:44 2'2 7±1 ~-
! l i .: 23.3:t:5 4 :'3 : 

., 25.9=:7.1 ! :'.::!.1±3.2 

Data taken from Tahir 20. pp 144- 147. MRID 46153302 

• Values given a, lvk;m :i: Standard De,uifr::m vmh ):!roup :,,17.e !NJ as 1rnhcatea. 
Significantly different fr,,m control:• p<O.O:,, p<0.01 

I.() 

29.6:t5. i 

21.6±3.6 

20.7±17 

201:!:2.5 

20.7±',.2 

22.8:i:2.0 

2 l.4.:t:2.0 

22.[:r:28 

~2.3:t:2. 9 

23.9:t.5. t 

25 4:t5 l 

1l9±S.(, 

23.3:t54 

218±3.3 ~ 

2 l.6z3 8 

24.3:t2 6 

21. l:-:2.6 

2L5:t::!.J-

,,., ~ .... ...,. __ ,,;,.it;J,_1-

23. l:t'.'.. l 

I 

\ 

! 

' I 

i 
l 

! 
I 

7.S 

22. 7:t3, l 

l'l.5±1.J 

20,4:t.2.8 

Fll±l.2 

2J.6±l.4 

23.9±3.S 

21.5.±2.7 

2<.5±:3,7 

2..1.5±4.5 

22.7±3.J 

2,t5±4.S 

24.3±5.9 

22.9±3.8 

20.5±1.9 

2,).0±1.4 

23.S:t3.4 

'.'.'.!.1±4.3 

22.8±2.8 

21.3±3.Q 

23.2±2 6 
: 

d) Learning and memory testing: Selected data from the water maz.e testing are given in 
Tables 12a--h and t3a-b. There were no treatment-related effects on swimming ability 
(speed). as evaluated by comparison of mear, straight channel times. Learning was evident in 
all groups at hoth time points as Jccreasc in swim time for Trial 6 <m the first day 
compared to the groups' respective S\vim tim~i; forTnal I on the first day. Memory was 
evident in all groups at both trme pomts as a > 13% decrease in the Trial 1 swim time on the 
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second day of testing compared to the Trial I swim time on the first day of testing. However, 
the significantly increased Trial l swim time in high-dose males on PND 62 (compared to 
controls on the same day) is indicative of some degree of memory impairment in that group. 

Compared to controls, on P:NDs 27 and 62 high-dose males had significantly decreased 
percentages of successful trials at the lowest indt vidua1ized cut-off time (i.e. at a -:.-:ut-off time 
equal to the straight-channel time of the individual animal multiplied by 1.0: abbreviated as 
"SCT:x 1.0"). In fact, at both time points, the high-dose males had lower percentages of 
successful trials at "SCTxl .O" on the second day of testing than they did on the first. These 
differences may indicate that the high-dose males are taking longer to complete their trials for 
a reason other than decreased swim time. No effects were observed in females. 

Table 12n. Selected water maz-e :>el'fonnance parameten for male offsnrin,: at oostnatal davs 24 and 27. & 

l Dose (m<"I "' bw/dav) 
Session/Parameter 

Control 0,1 l.O 7.5 

PND Swim ume (seconds): 
24 Tna\ 1 15.63±7.54 14.75:t7.46 15.67±7.80 14.88±7.29 

Tn:J• t, ' 4.98:t:!.24 477:!:312 5 96:±2.79 6.19±4.04 

S1ra1ght Channel 4 87:::3 96 3.38±0.98 3.84±182 .t.28±2.34 

% Successful Trials: b 

Cw-off time= 3 sec 36±8.6 9.8±18.7 4.fo:12.5 7.7±11.0 

Cut-nff ,1ne = SCTxl .0 ' 246±30.1 i 3 7:!:15.9 12.0:::22.0 2'.U±32.3 

C1ll-off lime= SCTx 1.5 ° 500:!:27! 4.l l:!:20 4 35 2:t29. l 46,2±33.4 

Cu1-(lff iime = SCTx2.0 " 60 1±26.0 55.9:t [6.6 57 .!±25.7 59.0±28.6 

PND Swim umc , s,~.:;onds\: 
27 Tm.lJ l 6.32:±3.38 8.6!.:t:4.69 7 l4:t3.69 6 21±3.33 

S1ra1gh1 Channel 3.73:il 54 3.67:d.18 3.6'}!:[.52 '.,.4'-h:l .42 

<;f, Su,·ces.,ful 'fnals: b 

-
( 'ut-ofi ume = 3 sec 21 7~2'2,7 l27±Ul.2 3 !.5:!:29. l ,CJ.2+28.i 

Cut-uff 11me = 4 sec 57.2±24.0 52.0:t:22 7 47.2:t:28.2 44.9:t33.6 

Cut-<1fl time = 5 sec 71 0±!9 6 6~.7:t22.5 63 O:t:26.5 .53 8:t29.8 

Cut-off lune 6 sec 78 .h:!8.4 70.6:!:19 l 74.1±18.3 65 4:t24.0 

CuH•fl 1,me = 7 sec 84i±i7.3 7; 5±16.6 85.2±12.6 744:t:18.8 

Cuh \ff lllllC = s sec 88.4±12.7 85.3:t:13.0 880:,:] 1:2 7U+17.2 * 
Crn-,.,rr time= 9 sec 9!3:d22 S8.2z9.8 92.6:;;J0.3 82.1±14.4 * 
Cuh,ff 11mc "' 10 s.ec 92.8:!:l \ .0 9l.2±8 6 963±7.1 fl85:tl0.5 

( ·u1-uff time= SCTx l O' ]7 0:t29.7 14.3:t.29.7 343:t:35.9 1-L 1±22.4 * 
C'u\··l•ff \nnr SC1'xl.5" 7 LC\::::27 2 6.'\.7=-::23.0 t3.D:t27 l !4. l::t28.7 

Cut-n/f t; me'" SCTx2.0 < 8!.2+20.9 76.5:±:21.3 77.8+!7.I 7 l.8:t24.9 
.., ~ . --Data tak<!n from fable,. I ,\llu ,,:.2, pp. l4&-1 :i~, and 156-17 l. rc~pecnvcly. MRID 46! 53302 

" Values are pvrn :t, \kan ± Standard l)eviation. with N: 23. 17. ! 8. and 13 

"A succ-:ssful tri:d ,,. nnc !hat is completed rn less than rhc given cut-oif time. The percentage of trials meeting a specific 
cnterion w:is cakulat,'.d iDr each indivitlual ,wimai and used w dctemunc the group mean for tl1a1 cnrerion . 
•. d.< Cut-offtm1<·~ cqu..il to 1.0. l .5. and ::i.o times the individual :mimal's straighl•cllat.nel time. 
Sigmficanrly difkr<"nl tn,m rnntrD!: "'p<0.05: *' p<D.01. 
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Table 12b. Selected water maze performance parameters for female offspring .at postnatal davs 24 and 27. • 

I : 
Dose ime/ke bw/dav) 

Session/Parameter-
Control 0.1 1.0 

PND Sw1rn 11mi isecondsl: 
24 Tmtl l 14.32±:,.47 15 0-0±8 29 13.82±4.80 

Tnal (, 5.06±3.67 4. 16±2.05 .:..72±2. l l 

S11aigh1 Clianne-J 4.00±J .94 :1.97:t2.7l 4.26± 1.54 

'7c Succes,fu! Tna!s b 

Cut-uff time= 3 sec 127±217 15 .1±25 .2 7.9±18.0 

Cu1-uff nme = SCTxl .0 ' 28 6±:.',3 0 18.3±27.8 23.8±28.7 

Cut-u/T ume = SCTx 1.5 d 548±31.7 51.6±24.7 48.4:t26.8 

Cu1-uff time= SCTx2.O' 60.3±26.6 6! 1±21.9 67.5±22.7 

PND Swun tim~ isecondsl: 
27 Trial I s.H>±5 o:_; 7 2o:t2.87 7.99-..1::5.36 

Strn,ght Cbarn1el 3.43:::l.26 4 09±1.68 4 O{hl.99 

% Succcs,ful Tnals: " 
Cu1-uff time = 3 sec 2 I .4::28.0 28.6±2-U ! 1.9±17.6 

Cut-of! tm1e "' 4 sec 55.6±24.9 59.5±20.8 39.7:r.22.7 • 

Cut-off time= 5 sec 65.9:t'.!O.1 66 7±17.5 60 3±23 8 

Cut-off time = 6 sec 72.2::: J 6 9 7:"·.4:=16.3 l 70.0±15.7 

c_ 'ut-ofr' tm1e = 7 sec 78.6:::16.K 8~.3:,:15 ti I 77.8±16.1 

Cut-off ltme = 8 sec 84 9:!:l3 8 84.9:tl 4.8 ! 825:d5.3 

CL1t-•·1f1 time= CJ sec ' 865±12.5 87.3:,:12.& \ 84 9:tl 3.8 ' 
( ·u1-"f;' time = 10 sec 88.1±9 :', 91.3:::11 3 I 89.7±11.2 

C'tlf-,lfftmic =SCTxl.O' ! 3(>-'.2~33.2 44 4±304 3O.2::c:34.S 

Cut-,,ff lime= SCTx l .5 " 
I 

63.5:::23.3 I 14:;:2]2 i (1] 1±25.5 i i 

Cu1-,,rr llme = SCTx2.0' 75 4:::20.2 82.5±20.1 • 1s -<-±19.5 
. - - - ~ .. 

Data taken from I ai:'lcs 21 will 22. pp 148-: )5 and 1:rn-1, 1. rcspect1wl_y. MRTD 461::,3302 

• Values are given a·, /.Lan± Stant.lard [kv:alion. wi:h N ~ :Z l. 21. 21. ;md l:l 

7.5 

l 4.94:t 7 .44 

i.61±3.95 

-L88±3.64 

14.1±17.8 

:14.6±36.9 

:i7.7±26.9 

65.4:d5.9 

9.84±7.12 

:: .04:±0.54 

21.8±24.9 

:' 5.1±23.0 

66.7±19.2 

74.4±17.5 

79.5±12.l 

1i5.9-t-! 1.5 

E7.2±10.O 

f8.5±1O.5 

'.5 4±20.9 

(,2.8±19.4 

·,44+16.l 

b A successful tri;u 1., nne that is completed ,n less tha1: the given cut-Pff time The percentage of trials meeting a specific 

criterion was cairn\;11ed fo1 each individual animal anc\ usecl "' <lctermmr· the l!rnun mr,an for that criterion. 

c.d.< Cut-offr1mf., <"qu.il to 1.0. 1.5. and :2 r., time~, r;ie ir:Jividual :inima1·.s ,1r~gh1~cha11neJ time. 
Significantly diffnrnr rrnm control.~ p<O 0.': ~~ p<O.Oi 
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Table 13a. Selected water maze perfnr~nce narameters for male offsnrim.1: at """tnatal davs 59 and 62. • 

Dose {rno/l:11 bw/dav) 
Session/P:irameter 

Control 0.1 

Swim time !seconds): 
PND Tnal l l 3.75:5.83 16.9(-±5.26 

59 
Trial 6 5.52±4.0~ 3.81±134 

Straight Channel 3.40±0.78 340±0.73 

</!, Succe.-;,[ul Trial~: b 

Cut-off ume 3 sec S.7:tl4.5 12.5:t:12.9 

Cut-nfftime SCTxl.O ,· 18.3±26 8 W.O:t.20.7 

Cut-off time SCTxl.5 d 50.8±244 55.8:t J 5.6 

CtH-offtime = SCTx2.0' 63.5±:20.'.! 67.5.:: 14.8 

PND Swim time 1.'.econds}: 
62 Trlal I 4.51±2.04 4.65:2.09 

Strai;dit Channel 3.07:t:0.49 3-3()-t:.() 82 

% Succc,,ful TnaJs: t, 

Cut-nff trrne = 3 sec 26.2±25.0 j l 8 .3:t20.2 

Cm-off ume = 4 sec 50.6±22.0 52.5:t23.7 

Cut-off tlrne = S set: 64.3:::19.2 60.0±23 2 

Cut-off t:me = 6 ;.ec 73.8±145 70.0:tl9 q 

Cut-off nme = 7 sec 80.2:::11.3 75.8:tl9.S 

Cut-off time= 8 sec 85. i:tJO 9 7(),2±18 6 

CuHiff 11me =(}sec 88. J±'J:- S0:::19.2 -Cut-off tnne = lO sec 'li :i±!OO 82 5±!5.7 ~ 

Cit-off tune SCTxl.0 26.2±26. 7 25.8::t:27.8 

Cw-off time SCTxJ.5 ct I- &1 l:tl6.l ( 55.8±23. 7 

Cm-off urne = SCTx2.0 c i 73.8±!54 700±Z2 0 
. . -Data taken trom Table,.'.] am.l 22. pp. 148 !5) and l :>6-17 l. rc~peC!lvely. MRID 46153302 

a Values are given a, "-k.::in ± Srn:mlanl Dcv,::tion. with i, = 2 l. 20. 20. and J l 

1.0 

14.50±6.00 

4.07±1.67 

3 .05:1:0.61 

9.2±166 

i J.7±180 

45.8:t24 l 

60.8:t2!.8 

.,.92:t2.6 I 

2.88:t0.76 

26.7:±25 6 

50.S:t23.2 

64.2±20.4 

7 L7±l7.2 

783±154 

83.3±16.2 

9 I.7±12. 7 

92.5:d0.l 

14.2:t2!.8 

56.7:!:24.4 

71.7±19.6 

7.5 

)3.19±5.89 

5 24:t:3.2! 

3.67±081 

LS:tS.O 

16.7:t.2l.l 

54.5:t22.5 

63.6:t24.5 

7.09:t:2.95 ** 
2 85:t0.39 

)5.2±20.4 

37.9±24.8 

57.6±25. J 

62.1±22.5 

74.2±17.3 

77.3:t:20.1 

80.3±16.4 

84.8:tl5.7 

9.1±20.2 * 
43.9:t26. l 

606±20.l 

h A succ,!s.,fui tnJ.i Jo une that is completed Hl less th.ai, the gwen :ul-ofl lime. The pen:emag<" of '-rials meeting a specific 
critenon was calculated tor each rnd1v1dual :ni'1Jal and used ro determine thr grou:::, mcrn for that criterion. 

:.d., Cut-offlim,:s cqu~l to l 0, 1.5, and: 0 time, the individual an1mar, str;llght-ch::nncl !l!7le 
Significantly d,fkrerE In ,rn c.:onlroi: * p<0./)5. "'~ p<O O I 
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TpblcBb. Selected rm.ance i>:.iramcters for female offspring at oostnatal 

D<r.ie (lllwkR hw/dav) 
Session/Parameter Coutrol 0.1 1.0 

PND Swim lime (seconds). 
59 Trial 1 I 5.42::5.3 I D . .56:!:5.73 14.35±5.55 

Tri:il 6 4 08::t:'.42 449:ic2.l7 t,02;;;4.65 

Sm,igbt Channel .1.0 I :t:0. 72 4.{E::t:2 q5 3.71:2.1 l 

% Suco.:s~ful Trials: l> -CuHiff time "' ::, sec 15.h27J 22.5:t20.4 8.3:1:164 

('u1-ofl l!mc = SCTxJ.0' lll:.t:133 23.3±28.3 JJ.9:t23.0 

CtH-,•fftimc = SCTx!.5 1 

i 
46.8:23.:1 58.3±.20 6 38.9±28.0 -

rui-ofl iime = SCTx.2.0 ° l 
563±19.3 75.0:tl5.8 "" ' i 56.5:t24.3 

PND Swin1. tin1e l secondt,): ' I 
62 Trial. l ·4.95:-::~ 71 5 17:::3.62 7.16±4.82 

St,ai)!hi Cr.annel ' J. Ht.tL:24 3 82±3 Oil 3.22:tl.05 

'X SuccessJu: Tnals: 0 I 
Cut-cilf llmc 3 sec 27.8±2 LQ 267:t:27.8 25.9±29.'.'. 

CuHlffrime 4 sec 56.3:':193 55.<b:24.8 I ">0.9±27.1 

Cut-<>ff ume 5 sec 67,5~22.0 65.S:::.2!9 I 62.0£'3.4 

Cut-uff lHnc 6 sec 75 4±:20.S 72.5:tlS.:2 I G7 6::t25.2 
~ 

Cut•·llff time 7 sec 1l 8\.(\:::2\.3 7t,7:tJ57 f .,3.1:dC.7 

Cm-off ,1me ""g sec il 84.9:el6.6 "'8.3:::17.2 I 82.4:tl9.4 

Cu1-off ume = <J sec ' ff 8:5 7:!:16 l I 
' 

82.5:t [5.7 I 8!W:rl3.8 

I ('u•.-nft nm:0 = l (J sec jl 8S. l:tl59 I 87S::I7.0 f 8E O:t 13.8 

c·u1 uti urnt = SCTxJ .0' i 20.6::::24, i ! 25.8~30.ti I 25.0:t.Z98 
' 

CtH-ni'r rime= SCT:d .5 " 635:.t10 8 ( 60 R:!.25.S l 55 6±28.0 
' 

CuH,ff time= SC'fx2.() -: j) 73 fu'.!1 4 [ T!.3±20.5 1 73. l:t:22.~ 
-Data taket> from ·i abk,, 2 I and 22. pp. !4t:- I 55 and l ~(i-17 l. respectively. MRID 46 l :J3302 

• Value~ :ire given ~h }.',ean :t S,anuarj Dc·;,auc11. \<1!11 N = 11. 20. I 8. and I 3 

7.S 

16.38:t846 

6.45::tS.23 

3.28:t0.84 

3.8:t:7.3 

9.0±1 LO 

43.6:1:23.1 

60.3±16.0 

4.93:t:2.60 

:!.70:.t:0.33 

23. l:t23.J 

47.4±26.2 

6L5:t29.2 

654±284 

67.9:t29.2 

74.4:!:26.0 

80.8:!:24.4 

S'.U:t:215 

6.4±10.8 

52 6±271 

62.8:t:29.8 

b A successful tn:.tl ; . nne that compiciec' m kss Ihm the g1w:ri cut-off 11mc. The per:::ent:i[!C cf ma.ls meeting a specific 
criterion was c:1lcuh1tc:d Im t:.ich i11dwid,w 1 anirr;ai o.nd used tc, derermine ihe l!mup mican for that critenon. 

,.d,e Cut-offtrn\<."; equ;-\\ to \.0. I ~uiu:: (' nrneo the md1vid;1al animal's straighi-cha11nel time 
Significantly u;flcrcnl in,m t<,rmo\: '' p<(L(1S. H r<O.Ol 

5. Postmortem result"i: 

a) Brain weight: Brain weight daw arc in Table 14. There w::is no evidence of a 
treatment-reLilcd effect on w/1ofe brain or cer,ebel!urn weights at ei1her time point. 

II 
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I: : : Tabk 14. Brain weie:ht data,» 

l)osc (1m'!IJ.e bw!davi 

Study Day/Parameter 
Control t1.l 1.0 

Males 

PNI) 12: 1, n-,;7 \l l,12) [IOJ f !O] 

Termi11al btxly weight (g) 22.7±2.8 22.6:1:2.l 22.7±2.9 

Brain weigh! {gl 1.12:J:0.07 J.13±005 J.J 1±0.04 

Brain/BW ratio ( %) < 4.89:t046 4.98±0.36 4.96±0.76 

Cerebellum -weiiht (g} 0.1 l b:0012 0105±0.007 0.107±0.009 

Cerehellum/BW ratio(%)< 0 437.:t0075 0 469±004} 0.478±0.082 

PND63: li'il (]2i 110] Ill) 

Terminal body weigh! (g) :'30.3±16.5 341.5:t:22.9 351.7:J:26.7 

Brain wei~hl (gl l.97:!:0.07 l.9&±0.07 J .97:t0.07 

Braiu/UW rati<i {%\ c 0 6()-;-003 0 57:t-0.03 0.56±0.05 

Cerebellum "eight (gl 0.289±0.016 0.294±0.02 l 0.295±0.0U 

Cerebellum/UW ratio(%)' 0.087:t0.006 0 086::tO 00 3 0.084±0.007 

I : := Females 

PND 12: b r llJ I 1 lO) [JI] (NJ I I 
Terminal body weight (gJ ! 2 L5:t 18 I 20. h:.2 3 22.7:!:2.2 I 

i--
~ Hrain weight (1!, 1 ! l .07::t0.05 I 104:t0.0J ! fJ7:t0.03 

I I 
Hrain/JH'\/ ratio ( % ) c 

I 5.0tzC.37 I 5.1 !:=ll.62 4.76±0.46 

Cerebellum weight (g) I 0.!03±'.J.Ol l ' 0 09S±O 014 0 !02::tO O I I 

Cerebellum/B\\' ratio (%j' I 0.480::t0.053 0.470:t0 JOS 0.450±0.039 
., 

PND63: IN] fl l] [ l I] I JOJ 
Terminal body weight (g} '..;i43:t~l4 223.9±12 9 230.2:1:;2.8 

Brain wf'ight (!!1 1 8:>:0.0/J I 83:::006 J .85±008 

Brain/UW ratio(%) c 085:tOOc; ') 82:::0 06 0 80±0.02 

Cerebellum \\eight (gl 0 267±0 (i: ·, 
I 

0.'.:fiS:t0 02~ 0272±0 021 
' Ccreh1:llum/BW ratio 1%1" I 0 126:c:D Ol 5 I O. l'.::0:::0 013 0. l J 8+0.008 

' -- ·-Darn taken frorn Tabk :::- . pp. 17:::" 177. MRID .J6JJ.•:-O:: 
"Values given a, M.:-,,n :! Standard Devimmn ,where pw'.iclcdl. wllh gwup ,,z~s IN] a, ind:c,,ted. 
1
' Whok hrain and ccr<:1,cllum weights were mcasurcc :ifter fixation in ptlps of thi, age. 

' Mean Brain/BW and C\:rebcllum/BW nllrn, were nN suhJe~re-d ro sta!1.<tical analysis. 

7.5 

[6} 

22.6:t:4.5 

J.l 1±0. J 1 

5.06:t0.77 

0.106:t0.014 

G 477-:0.044 

l 1 ll 
357.3:i:19.2 

1.97::t0.04 

0.55±0.03 

0.290±0.025 

0.082±0.009 

[71 
23.6:t2.3 

1.08±0.06 

4.62±028 

0.l00±0.011 

0.426:t0.042 

flO] 
217.4±18.1 

i 83.t0.09 

0.84±0.07 

0.277±0.008 

D. l 28•0.0J I 

b) Macroscopic examination: There were no abnonnal gross findings in any of the F 1 animals 
killed al the interim sacrifice on Pl\TI 12. Among the F; animals killed on PND 63 for brain 
weight or neuropathology/morphometry evaluation, abno1mal gross findings were limited to 
renal pelvic dilatation in twn low-dose males. and a kinked tail in 0ne high-dose female. 
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Some of the F animals that died or were sacrificed moribund were subjected to gross 
necropsy. Of these, one high-•dose male had a pale hvcr. The other findings mainly involved 
the respiratory tract and thoracic ci:1vity ::;.nd were consistent with mis-dosing, such as 
oraJ/nasal discharge, mottled or discolored lungs. and puJmonary anc1 pleural .adhesions. No 
tissues were retamed and/or examined. There were no macroscopic findings involving the 
nervous system 

c) Neurohistopathology: No treatmenHe!ated effects were seen at PND 12. At PND 63, high­
dose females had slightly increased incidences of minimal demyelination of the proximal 
(7 / t 1 vs 4/ 12 for controls) and distal ( 4/ 11 vs 2/ l 2 for controls) tibial nerves. The incidences 
of the penphcral nerve findings were within the provided historical control ranges. Dose­
blinded re-reading of the slides was not conducted .. and peripheral nerve tissues from the 
lower dose groups were not examined. 

Mean counb of Purkinje cell bodies {per mm) in lobule 8 of the cerebellum were not affected 
by treatment. 

d) Morphometric evaluation: Morphometric measurements taken in the cerebrum and brain 
stem are in Tables 15a-b. and those taken in the cerebellum arc given in Tabie 16. At 
PND 12, h1gh-dose females had an increase in !he thickness of the molecular layer of the 
prepyramid:.11 fissure of the cerebellum, and at P.ND 63, high-dose males had a decrease in the 
thicknesE; of the inner granular l::tyer of the prepyramidal fissure of the cerebellum. These 
findings are considered possibly treatment-related adverse. There were no alterations in 
the cortical cell layers of the preculminate fissure or in the length and height of the 
cerebellum. 

Changes rn the morphometry of the cerebrum/brain stem slices were seen in high-dose 
animals of hoth sexes at Pl\"D 63. High-dose males and females had an mcrcased 
hippocampal width at Level 4 and increased widths of the der1tate gyrus of the hippocampus 
on Levels 4 and 5. Both sexes als.:i had an increase in one of the pirifonn cortex 
measurements: in males this was seen on 5. and in females this was seen on Level 4. 
Males had a decreased thalamus height on Level 4, and females had a decreased corpus 
callosum thickness on level 4. 
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Table 15a. Brain morphometry or cerebrum and braimtem in male offspring (mm). a 

Parameter Description and [Numh~r] Dose Level (mg/kg bw/day) 

Control l 7.5 Control l 7.S 

PND 12 [N: l2 and 6) PND 63 (N = 11 and 9-10) 

Frontal Com,.\ 

Height · Level 2 r2A] 5.66±0.32 5.64±0.38 6.00±0.61 6.65±0.23 

Width - L,-.vd , [2B1 4 53±030 4.52±0.'.:n 5 13±0.77 4.82±0.28 

Dors.il Corto. · 

Thickne,.s - Le ,cl 3 DAI 1.46±0.07 ! 4fu::O l 3 l 34±0.08 1.29±0.14 

Thickne.1, - l.tvel 3 13H1 ] .6\)±0.08 1.57:t:0.03 1.67±0.13 J.65±0.17 

Thickness - l.A,,•el 4 l4Al l 39±009 1.40±0.14 1.49±0.09 l.41:!:0.09 

Thicknes, - Le, el :'i [5.A] 1.22±0 ()9 l.22±012 \.39±0. l4 l .41±0.07 

Pirifonn Corto ' 
11,it:knesi, • L:vcl J [3CJ f.23±0 JO l.] 8:z:0.09 105±0.l l l 14±0.I 5 

Thicknes:. • L:-,e, 4 !4B] l l 4-±0 l (l !.09:t0.14 L05±.0. l2 1.15:t0.10 

Thicknesi • L::vci 5 (581 l 14±0.09 l .18±0.07 1.06±0.11 1.17 :tO. 08 • 

Hippocampu:;: I 
I 

Length - Ltv('! 3 (3D1 'l T )±Q,1Q 3.21±0.33 2.36±0.!8 2.39±0.30 

Length LL'Vel ..1 [4G; 4.07±014 4.14±018 
i 

3 61±0.38 3.92±0.27 

Width · L:vci 15E1 l l.4 7::tO. l 2 ! 48:z:0.06 
i 

l.44±008 1.57±0.09 • ! •. 

Dcntate gyms IL·ngth - Level 4 (4Jj ; L53:t0 1:1 1.59;:::{LiO i.67±0.15 1.61::t0.!9 

Dentate gyrus wtdth Level 4 [4Hj l 0.57±.05 0 (, \:r.0,04 0.54±0.05 0.65±0.04 • 

Dentate gyro, w;llth • Le-.,el 5 !5Di ' 080:t008 0.80::!.:005 \ 0.65±0.04 0 78±0.05 .... 

Corpus Cullosu1n 

! Tiucknes, Le,·el .J (4Cl 0.57:t.0 09 0.56±0 07 036±0.06 0.32±0.05 

Thalamus· 

Hei)!ht - Le•:cl J (4Dl 5.49±0,2(1 5.52±0.17 5 39±0.27 4.%±0.46* 

W1d,h · Levd -l /4Ej 8.16:!:047 841±0.2(, 8.65:tO 39 8.75±0.37 

Width Le\el ~ \SC] I! 739,M' 7 74±0.::'7 7.98±0.2'i 8 02±0.31 

Thalamus/Coric:, 

I Overall widrh ·· Lt:vd 4 [4FJ n 98:t0.67 14.05~0.6! ?.~.89±.-,3& l4.S4±0.36 
~-- ~ 0 Dara 1aken from Tahle c.,, pp. 1 s.,.206. MRCD 4615-' 302 

• Value!\ given as Mc:m ± Srandanl Deviation. v.uh group s:zes [:'/) "-l'- indicated. 
Si~n1ficru1tly differ,:nt from control: * p<0.05·, µ<OJ:l. 
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Table 15b. lkain morphnm1ctry of cerebrum and braim,1:em in female offspring (mm). a 

Parameter Des<-ripr.ion and [Number] Dos<' Level (mg/kg bw/day) 

Control I 7.5 Control j 7.5 

Pl\.1l 12 {N"" ll :md 7J PND 63 [N "' 12 .ind 11] 

Frontal Cone;,;: r 
!2Al ! 

Width - Leve! 2 (2B] I 
Dorsal Cortex: 

Thicknes•- L,,\e, 3 l3Ai 

Thicknes,, Level -1-

Pinfonn Cortex· 

Thickne,•: Level 3 13CJ I 
Thicknes:. - Level 4 [4B] 

.; 47:!:0 40 

142±0.08 

L5S±0.0fi 

1.J7±0.08 

1.20±0.06 

l l'.2:±:0.08 

5.56:t.0.19 

4.08±021 i 

1.42±0. JO I 
J 58±f) 09 

1.38±U2 

1.24±0.08 r 

L l 9:t0.08 

657±0.25 

4.83±().3 l 

i.32::t:0. l I 

1.68±0.10 

l .38:t-O. l 0 

l.33.:t0.08 

l.09:t0. l2 

J.08±0.13 

652±0.26 

4.70±0.41 

l.29:t-0.13 

1.68±0 JO 

I .39±0. IO 

1.34±0.09 

l.15±008 

1.21:±:0.11"' r,I 1!5±008 ll6±0.09 I. 
Thicknes,. - L,·vcl 5 !5!31 II l±OOc< 1'10±0.09 111 1.09::!:0.IO 1.16±0.08 n----------------~!1/1--------------_;,.. --------------11 

Hippocampus: , • 

Length l .ev~ I, 4 

Dcntate g:::ru~ len,l!lh Level 4 

Dent:i.tc gyru, width Level 4 

Dentate gyms width - Level 5 

Corpus Callosum: 

Tiiickm·s, Level 4 

Thalamus: 

Width - Le.ci ~ 

Thalamus/Cone x 

Overa!! v,.iJth - Leve! 4 

\I 
l3Pi Ii 
\4G\ i\ 

=i 
15E! li 

' 
f4J] i 

l 

!4H.: I 
' 

J.48±0.07 

i.59±0 12 

07,:::006 

5.66±0.:21' 

Data taken from Tabk :~7. pp, I 83<!06, 1\1R ID 46 I 5330:?. 

11 
2 99:,:0 48 !; 
4 1 t,±,{j l3 !\ 
1.56:±:0. l : / 

I 

l52±0 D i ,, 
ll. OShOO,, 
il 

3.70:?:0.3D 

l .43:t0. JO 

l.61:t-0. I} 

D.66±0,06 

2.54±0.27 

3.88;t:{).35 

1.53:.t:0.06 *"' 

1.71±0.20 

0.6&±0.05 * 

0.76:t:0.04 *~ OSJ±0.06 Ii 
i'-, --------------11 

5.:56±0.26 !':,i.· 

Bl'7±048 

5 32±0,29 

8 SB±0.36 

771±0.29 

5.43±0,27 

!1.60±0.27 

7.79±009 
!': -------------◄[ 

13,91+060 

i; 
Ii 1-144+0.64 14 75+0.45 

'' Values given as Mean+ Standard D('vtauon "nh group si1c, JNI r,, rndic::itcd 
Significan!\y diff,·r,·rn lrom control: * p<fl 0.' •' p<fi () l 
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Table 16. Brain morphometrJ of cerebellum• 

Parameter Description and [Number] Dose Level {mg/kg bw/day) 

Control 7.5 

Males 

[Numher £:.xaminedJ \12] [6} 

Height (mm) [RH] 3.84±0.20 3.91±0.3'.: 

Leng.th (mm) [SL] 4.35±0.19 4.20±0.25 

Thickness of cerebellar cortex layers (µm'i 

Prccolmiri;i1c Fi,sure: 

Molecu!ar layer [8PCFMJ 75.6±9.0 76.5±! l.5 

Outer gninular layer [SPCFOJ 39.9:::3.7 41l:t4 fl 

Inner gramJ i:u- layer [8PCF!J 148±20 136±2.3 

Prepyramidal fissure: 

Molecu\ar iayer j8PPFlvl] 6::.0±6 2 62 2±10.2 

Outer gr::muhtr layer (8PPFCj 4-12±68 48.8±4.5 

Inner ,granular layer {8PPFIJ l45±'.29 132±24 

[Number Examined] I II I f JOJ 

Height (mm} [8HJ I 5.45±0.:C' 5 55±0.21 
l 

Length (mml [8L) t 69[)±041 7.10±028 

Thicknes.~ of ce rebc I J :u- cortex layers (µml 
I 

Precu\min,tte Fissure: 

Molecular layer f8PCFM/ '.:14.5±24.9 ;-,16.8±201 
! 

Inner granular layer [8PCIT! i88±1 t 178:'.:25 

Pn,pyramul.il Fissu1e: 

Molernlar layer [8PPFM] 207.~±14 9 210.0±17.5 

Inner ~r:mu!ar layer (8PPFIJ 15h26 l34:L20" 
~.., Dma taken from 1ahlc _, pp 183-206. MR!D4615J302 

" Values g,veo a, Mean ;; Standard Dev1al10-n. ,..,1111 group ~,1.e, fN I at> mdica1eJ. 
Significantly d1ffer,:n1 hum c1.1ntrol: "'p<0.05: "'' p<O OJ 

Control 

PND!2 

[1!] 

3.8 l±0.29 

4 J7±040 

I 

83.5:d0.5 

400±54 

157±9 

58.2±8.2 

49.l!:lO.l 

134±1 l 

PND63 

fll-12] 

5.31.t.G.30 

6.80±0.38 

2125±12.4 

179±30 

!93.0±15.8 

l53+i9 

7.5 

Females 

{6] 

3.S7:t0.22 

4. 39±0.35 

79-4±6.4 

35.9±6.3 

155:t.25 

7O.1:t!0.2"' 

48.7±4.2 

146±'.21 

[II] 

5 33-t0.28 

6.82±0.42 

212.l:!:20.2 

i65:t26 

203.0:tl4.7 

~39:!:24 
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Ill. DlSClJSSlON and CONCLUSIONS: 

A. INVESTJGA TORS' CONCLUSIONS: The study author concluded that there were no 
treatment-related effects on the F0 parent females. The study author also concluded that no 
evidence c1f loxicity, including neurotoxicity. was seen in the F 1 offspring. Increased values 
for several morphometric measurementr, in rhe hippocampus were considered treatment­

related hut not .adverse. 

B. REVIEWER COMMENTS: 

Two total litter resorptions in the high-dose group may be treatmem-related. Inmdinately 
high non-treatment-related pup mortality (and total litter losses) during LD 1-5 rr:ake it 
difficult to distinguish any tremment--related pup mortality that may have occurred during that 
time. Slightly higher than expected off spring mortality was also observed during LD 5-22. 

Offspring. toxicity manifested as neurvbehavioral changes in males. This group 
had rncrcased mean startle amplitudes on PND 23 (for Blocks Spatial mem.xy 
impairment was evident at retention testing on PND 62 as an increased Trial 1 swim time 
compared to controls, although the results did indicate that at 1east some memory was 
present. At retention testing or, PND~, 27 and 62; this group had decreased percentages of 
successful tna!s both compared to controls and compared to their own previous results on the 
first day of testrng 

Brain morphometry changes i:i high-dose animals at PND 63 provided additional evidence of 
possible tox.1city. Both sexes had increased hippocampus width at Level 5, increased width 
of the dentate gyrus of the hippocampus on Level 4 and Level :\ and increased piriform 
co1tex th1ckne~.s, seen on Level 5 in males ami on J..,evel 4 in females. Males had a decreased 
thickness of the inner granl'lc.r layer of the prepyrarnida1 fissure, and decreased thalamus 
height on Level 4. Females h::id decreased callosum thickness on Level 4. The 
morphometnc changes in the hippocampus (including dentate gyrus), thalamus, a,1d 

cerebellum may be related to the merr,ory 1mpainnent in males and also correlate to the 
increased stank response in males (en PND 23). although the time course was di'ferent. No 
neurobehaviornl correlates were detected for the decreased corpus callosum thick1ess in 
females. 

An increased thickness of the molecular layer of the prepyrarnidal fissure in high-dose 
females on P"ID was considered possihly treatment-related although of unknown 
significance 

The incidence and/or severity of demyclin'1lion of several pe1ipheral nerves in high-dose 
females at P!\.T) 63 were slighti y increased hut remained withi;i hisi:orical control ranges. 
These changes are common findingi, and were considered to be incidental to treatTJent even 
though dose-blinded re-reading of the sli<lc.0 was nor conducted, and peripheral m rve tissues 
from the lmvcr dose groups were 1101 examined 
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Discrepancies between the conclusions of the reviewer and those of the study author 
concerned the increased startle amplitude in high-dose males on PND 23, the results of the 
water maze testing, and whether or not the effects on brain morphometry were treatment­
related anJ/or adverse. 

According to the study author, increases in mean startle amplitude in high-dose males on 
PND 2:1 during blocks were due to high values in two animals that were tested that day 
and were also affected by greater body weight in the high-dose animals than in c;:mtrols. 
Although the reviewer agrees that body weight can affect startle amplitude, it is unlikely that 
the cited l 1.sr;1-& difference in body we1ghr would result m 39~48% increases in mean startle 
response. and it is even less likely that it would do so during Blocks 2-5 without having a 
similar effect during Block I. 

The reviewer interpreted the results of the water maze testing in a different manner than did 
the study author. The reviewer disagrees with the study author's assumption that changes 
seen m nnl) one sex andlor at only one time point cannot be treatment-related. Moreover, it 
is the opinion of the reviewer that a treatment-related difference can be evident using one 
method of analysis but not be evident using lhe other method of anaiysis. 

The reviewer disagrees with the study author's implication tha1 a morphometric change seen 
in only one sex or at only one level cannot be trcacmcnt-re:lared. The reviewer al~o disagrees 
with the study author's statement rhat treatment-related mnrphometiic changes ii, the 
hippocampus were not adverse effects hec:mse they were mcreuses rather than decreases. 

The inordinate pup mortalily in all groups including controls during lactation was most 
pronounced during PND 1-5 and 1s i11dicative of compromised health status or some other 
problem with the animals on study. The high numbers total Jitter losses resulted in too few 
high-dose F, litters to allocate the rrunimum number of offspring to all endpoint~. It is the 
opinion of the reviewer that the data from the motor activity testing are inadequate to 
preclude a treatment-related effect on motor activity. The absence habituation during 
motor activity testing indicates a problem with the testing procedure and/or a contjnued 
problem with animal health. Likewise, the results of the FOB are inadequate to assess the 
evaluated parameters because the same amm::ils were not evaluated at all time pcints. 
However. adequa\1: number~ of control animals were evaluated for each measured parameter. 
For this rc;:ison, the study is tentatively classified as Unacceptable (not-upgradable). 
Further di:-;cu.ssion of the study deficiencies is included below. 

C. STlIDV HEFICIENCIES: 

Major deficiencic<:, include the follnwing: 

• The high pup mortality in controls and high dose group;:; during laclation period, LDI is of 
concern since this finding is indicative of comprorrused health status of the animals or some 
other rcchnicai difficulties with the conduct d the study. 
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• 

• 

• 

• 

• 

The h1gh numbers of total litte1 losses in the !11gh dose group contributed to too few F 1 litters 
to allocate the minimum number of off spring to neurobehavioraJ endpoints. In the high-dose 
group, only 7/sex were assigned for motor activity evaluation, only 5-7/sex were assigned for 
auditory startk habituation, and only 6-7/sex were assigned for PNl.) 62 brain weight Only 
seven low-dose females were: evaluated for motor activity even though this group had 21 
acceptahle liners available for experiments. 

The absence of habituation during motor activity testing indinites a problem with the testing 
procedure and/or a continued probiem with ammal health. 

The offspnng functional obsef\;ationai hattery assessments did not ~onsistently evaluate the 
same individual animals at all scheduled time pomts. Some inst:mces appeared tc be a later 
assignment of an additional animal as a substitute for one that had died; this is 
understandable. hut it should have been documented i-n the studv report. Occurrences when 
individuals were evaluated at only one or two ume points or wh~n individuals w;re 
evaluated at most time points. with missing time points occurring non-consecutively in the 
middle of the study are unacceprn.ble. 

The experimental details on the auditcry srartle reflex. and the 1-r.1otor achvity are missing. A 
description 1or make and model number) of the monitoring d~vices for the motor activity was 
not prov1deu Also, there was no description of the equipment used, environmental 
conditions. length (msec) and intensity {dB) of sound, or the length of the interval between 
trials for auditory startle reflex measurement. 

The morphomctric data for the iow ,mJ mid dose groups were not reported. The high dose 
group had morphometric changes in the thalamus, hippocampus and to some exte:1t in 
cerebral cone>z and cercbell'lm. It is nor knov,n if these effects were also observed in lower 
dose groups. 

Additionally. the data were presented ma disorganized manner. This made it difficult and 
time consuming to follow the disposition of individual ani.m;;i!s and their litters and evaluate 
parameters :rnch as the survival of F, offspring after PND :5. 

J 
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APPENDIX: Preliminary Developmental Neuro10xic1ty Study Rat; Range-finding. 

TEST MATERlAL (PURfTY): Dichlorvos, technical material (99.0% a.i,; batch #ST120700) 

CITATION: G. Milburn (2003) Dichlorvos: prehminary developmental neurotoxicity study in 
rats. Central Toxicology Laboratory, Alderley P.ark, Macclesfield, Cheshire, UK. 
Laboratory report number CTIJRR00S85/Regulatory/Report, October 13, 2003. 
MRID 46153301. Unpublished. 

EXECUTIVE SUMMARY: 
In a prel1minary de.velopmenta1 neurotoxicity study (MRID 46153301) Dichlorvos (99.0% a.i., 
batch #ST120700J was administered by gavage in de~ionized water to 15 time-mated female 
Alpk:APrSD (\Vistar-derived) rats per dose at dose levels of 0, 0.L LO, or 7.5 mg/kg bw/day 
from gestatfon day (GD} 7 through postnatal day (PND) 22. In-life observations inc1uded 
maternal clinicnl signs, body weight, and food consumption (during gestation} and the number, 
survival, clinical signs, and body weight of the pups. Erythrocyte (RBC) and whole brain 
acetylcholinesterase (AChE) activities were measured as follows: in 5 dams/group on GD 22; in 
5 dams/group on P.1\10 · in selected fetuses from the dams killed on GD 22 (blood from 
sufficient fetuses to attain adequare pooled sample votume and whole brain from 4 
fetuses/sex/hHcr): and in 5 pups/sex/group (1 per \itter where possible) or. each of PNDs 2, 8, 15, 
and 22. Plasm~1 AChE activity was not measured. 

There were no maternal deaths during the study, Three dams had abnormal clinical signs: one 
control dam with piloerection on day one mid-dose dam with observations of paleness (days 
24-26), hunched, subdued behavior (day 26). and a total litter loss by day 26 (LD 3); and one 
high-dose dam with irregular breathing on days 25-27 There were no treatment-related effects 
on rnatem2l food consumption. maternal body weight. or gestation length. The study author 
mentioned body weight decreases in high-dose dams beginning on LD l J, but these were of 
insufficient magnnude to he considered biologically significant (just 3-4% Jess than controls). 
Under the conditions of this study, the LOA EL for maternal systemic toxicity (other than 
acetylcholinesterase inhibition) is not identified., and the NOAEL is greater than or equal to 
'1.5 mg/kg hw/duy. 

There \vere no treatment-related effects on the overall proportion ::,f pups born alive, the mean 
percentage nf live pups per litter or live litter size on LD 1. PLlp survival, body weight, and 
clinical signs were unaffected by treatment. Twc, dam,, had total litter losses: one mid-dose dam 
had a total liucr ioss by LD 3. and one low-dose dam had a total litter los., (of 1 pup) by LD 2. 
An increased proportion of male pllps in the mid-dose group (64.8% vs. 46.2% for controls~ 
p<0.0 1) was considered incidental to trcatm~m because there was no similar finding at the 
highest dose leveL Under the conditions of this study, the LOAEL for offspring toxicity 
(other than acetylcholinesternse inhibition) is not identified, and the NOAEL is greater 
than or equal to 7.5 mg/kg bw/day. 

ln maternal animals RBC AChE activity was biologically significantly mhib1ted at th.::: mid- and 
high-dose treatment levels on GD 22 by 25% <Jnd 48%. respectively (p<0.01) and on LD 22 by 
24% and 50%. re;:pective)y (p<0.05 and p<0.01 ). RBC AChE activity was also inhibited i.n high-
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dose male and female (GD 22) fetuses by '28% (p<0.S) and cii, (n.s.), respectively. "i~here were 
no treatment-related effects on RBC AChE actlvity m male or female pups. The LOAEL for 
dichlorvos erythrocyte acetylcholinestemse inhibition in maternal rat.'- is 1.0 mg/kg bw/day, 
with a NOAEL of 0.1 mg/kg bw/day. The LOAEL for erythrocyte acetykho!inesterase 
inhibition in offspring or fetuses is 7 .5 mg/kg bw/day (based on male and female fetuses on 
GD 22), and the NOAEL is 1.0 mg/kg hw/day. 

In maternal animals, whole brain AChE activity ,vas biologically significantly inhibited in high-
dose animals on GD and LD ::2 by 59% and 67%, respectively (p<O.0i). Brain AChE activity 
was also inhibneq in high-dose male and female (GD 22; fetuses by 16% (p<0.5) and 21 %, 
respectively (p<0.01). There were no treatment-related effects on brain AChE activit: 1 in male or 
female pups. The LOAEL for brain acet)·lcholinesterase inhibition in maternal animals is 
7.5 mg/kg bw/day. with a NOAEL of 1.0 mg/kg bw/day. Tht: LOAEL for brain 
acety1cholinesterase inhibition in offspring or fetuses i':i 7.5 mg/kg bw/day (based on male 
and female fetuses on GD 22). and the NOAEL is 1.0 mg/kg bw/day. 

Based on the results of this study. dose levels of 0, 0.1, 1.0, and 7 5 mg/kg bw/day were chosen 
for the main stlld y 



Time Point 

Day 22 
gestation 

Day22 
gestation 

Day22 
lactation 

Day22 
lactation 

Fetus 

Fetus 

Day:2 
postpartum 

Day'.::. 
postpartum 

DayS 
postpartum 

Day8 
postpartum 

Day 15 
postpartum 

Day l5 
postpartum 

Day 22 
postpartum 

Day :!2 
postpartum 
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Table l 
Parent F emaean eta ti) o inesterase d F I/Pu Ch I It l 1tton 

Compart- 1 Sex 0.1 1.0 7.5 
ment mg/kg/day mg/kg/day mg/kg/day 

Brain Parent ns ns 59%** 

Female 

Erythrocyte Parent ns 25%** 48%** 

Female 

Brain Parent ns ns 67%** 
Female 

Erythrocyte Parent l ns 
24%* 50%** 

Female I 
/ Ins Brain ! Male ns 16%* 
I Fcmaie Ins ns 21%** 
I ins Erythrocyte l Male ns 28%* 
1 Female j ns ns ns (21%) 

Brain Male ! ns ns ns 
Female 

I 
Ins ns ns 

I Erythrocyte Male 
I l i1S ; ns ns 

Female 
l i 

\ ins ' ns ns 
! l 
\ Brain Male · ns ns ns 
t 1 Female I 

1 ns ns ns 

Erythrocyte 
i l I Ma.le 

1 
ns ns ns 

I Female ! ns Ins ns 

Brain I Male ns ns ns 
Female ns ns ns 

Erythrocyte Male l 
1 ns ns ns 

: Pcmale l I ns , n.s ns 
I I 

, Brain Male I n:; ns ns 
Female \ ns ns I ns 

Erythrocyte I i\112.lc 
( I 
( ns ns 

! ~: i Female i ns ns 

ns not significantly different froni Control 

,(1., ,y 
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* = Statisucally significant difference from the Control group at pdl.05 level 
(Student's t-test, two sided) 
**:::: Statistically- significant d1tference from lh'.'.' Control group at p<0.01 level 
(Student's t-tesL two sided) 
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I fJATA EYALUATIOl\' RECORD I 

STUDY TYPE: Developmental Neurotoxicity Study - Rat; OPPTS 870.6300 (§83-6)~ OECD 
426 (draft) 

PC CODE: Of:4001 DP BARCODE: D305082 
SUBMISSION NO.: none provided 

TEST MA TE RIAL (PURJTYl: Dichlorvos Technical Material (99.0% a.i.) 

SYNONYMS: DDVP 

C(TATION: G.M. Milburn (2(J04) Dichlor-:os: supplemental developmental neurotoxicity 
,,tudy in rats. Central Toxicology Laboratory, Alderley Park, Macclesfield, 
Cheshire, UK SK: 0 4TJ. Laboratory report number 
CTL/RR0988/Regu!ri,ory/Report. January 28, 2004. MRTD 46239801. 
Unpi1blished. 

SPONSOR: Amvuc Chemica! Corporation. 

EXECUTIVE SCMMARY: ln a developmental neurotoxicity study (2004, MRID 46239801, 
studyRR0988) Dichlorvos (99.0% aL batch #ST120700) was administered to 30 time-mated 
female Alpk:AP ,,_<;D (Wistar-derived) rats per group by gavage in de-ionized water at dose levels 
of0 or 7.5 mg/kg bwiday from gestation day (GD) 7 through prstnatal day (P!\.1D) 7. Direct 
dosing of the F: offspring was canicd out during PI'--.7I)s 8-22. inclusive. This study was 
conducted with a single dose to pro\ide supplemental information to the. previous study 
(MRID No. 46153302) where high number of whole litter loss at this dose was seen. 

On PND 5, litters were culled lO 8 pups (4isex as closely as ;riossible), and litters containing fewer 
than 7 pups anci:or fewer than 3 pups of each sex were removed from the study. The dams were 
subjected to a functional observational battery ( FOB) on GDs lO and 17 and ort PNDs 2 and 9. 
The F 1 offspring were observed for attainment of preputial separation or vaginal patency. 
Animals were allocated for assessment of FOB (P}\;1J)s 5, 12, 22. 36, 46, and 61), locomotor 
act1vity (PNDs 14. 18, 22, and 60), auditory startle reflex habituation (P1\TI)s 23 and 61), learning 
and memory (Pl\,T) 24-27 or NJD 59-62), and post mortem invesLgations including brain weight, 
neuropathology. and morphometry (PND,; 1 '." and 63 ). 



DICHLORVOS/084001 
Developmental Neurotoxicity Study {200J) / Page 2 of 30 

OPPTS 870.6300/ OECD 426 

No treatment-related deaths. cl1nical signs of tox1city, or abnormal FOB findings were observed 
in any maternal anima1s during the study. Maternal body weight, pregnancy rate, and gestation 
length were similar between the _treated and controi groups. 

The maternal NOAEL is 7.5 mg/kg/day, the highest dose tested. A maternal LOA.EL was 
not established. 

The results of this study were confounded again by excessive litter loss in the control group 
similar to that of the previous study. In the control g,mup a total of five dams had complete litter 
loss during lactation and another eight litters had insufficient numbers of pups for selection of F 1 

animals. Only rwo treated dams had complete litter loss. The reason for the pup mortality is 
unknown but was also seen at the same dose (7 .5 mg/kg/day) in the -previous study. Therefore, it 
appears that the pup mortality may not be related to treatment, 'Jut rather reflect a problem with 
the animals or with the testing facility. 

In the offspring availahle for evaluation. no treatment-related effects were observed on body 
weight, body \Ve1ght gain, food consumption, developmental landmarks, FOB, motor activity, 
auditory startle reflex. leaming and memory, brain weight, bra;m morphology or neuropathology. 

The DNT Committee determined that th:'. two DNT studies combined (RR0886 and RR0988) had 
acceptable numbers of total pups examined in tbe controls and high dose groups(> 35 pups/sex 
examined in combined studies) and, therefore. the developmental results of the combined studies 
could be evaluated for the :KOAEULOA.EL. 

Therefore, the developmental/offspring i'iOAEL was determined to be 1.0 mg/kg/day 
(based on study RR0886) and the developmental/offspring LOAEL was 7 .. 5 mg/kg/day 
(based on both studies RR0886 and RR0988) with the effect being increases in auditory 
startle reflex habituation Vmax in PND 23 high dose males in both studies. 

This study when combined with the accompanying study is classified Acceptable/non-guideline 
and may be used for regulatory purposes. It does satisfy the guideline requirement for a 
developmental neurotoxicity study in rats [OPPTS 870.6300, §83-6: OECD 426 (draf:)] pending 
review of the po.~itive control dat,~. 

COMPLIANCE: Signed and dated GLP, (lua'.i1y Assurance, Data Confidentiality, and Flagging 
statements were provided for both studies. 
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I. MA TERlALS AND METHODS:_ 

A. MATERIALS: 

1. Test material: 
Description: 

Batch#: 

Purity: 

Compound Stability: 

CAS #ofH~AI: 

Structure: 

Dichlorvos 
technllal maienal: clear. colorles:; liquid 

STl'.207CK) 

99 {\ % .i ;. 

stabillt,' not reported; ex.pi,;tt1on <lat~ of Octc1Je,. 2003 

nor reponcd 

not av,ulabk 

2. Vehicle and/or positive control: The veh!Cle was de-ionized water. No positive control was 
used in the current study. 

3. Test animals (P): 
Species: Rai 

Strain: Alpk:r\P;SD. (W1st.lr-denved1 

Age at study initiation: l 0- l '.'. "k., 

Wt. at stud, initiation: 227-ZR~ g 

Source: Rod,;m BreeJinl! iJnir (R!Jl/L A!derley P;irk, Macclesfield, Cheshire, UK 

Housing: F. lnd1v1dually in ,olid phi.s,;c cages wllh sawdust beddmg: ioose paper balls were provided 
a, nc,rir,g ma,eno.ls 1Sl S,:pphe,. Hazel Grove. Cheshire). 
F 1 i11 ~amc.: ~e\ groups uf up to 4- arnmaJs in Wife mesh cages 

l)iet: Pov.dtrd CT! die, wa,. avaibbk ad libirnm. 

Water: Water wa., available ad li/Jitum: not otherwise described. 

Environrnenta I 
conclitio1L~: 

Acclimation period: 

Ternpernture: 
Humidity:, 
Air changes: 
Photo period: 

22±3 °C 
.:,0-1()'7, 

a: kas, J 5/:1r 
l :i hi., darkil 2 hrs lighr 

Animal,. vicrc suoph::d tm1t-rna1ed and arrive:-: 6 days before dosmg began. 

B. PROCEDtiRES AND STUDY DESIG?\: 

I. In life dates: Start: April l. 2003: End: December 9, 2003. 

2. Study schedule: Time-malcd females were randomly assigned to a control or treatment 
group upon arrival. The te:;t su::istance w:is admmistered to the maternal animals from 
gestation day (GD) 7 through lactatiC!r. d;,y (l,D) 7. where the day of birth wa.s designated as 
postnatal day (PND) 1 or LD ! . Litter ~t.,mdard:zalion and selection of F 1 pups ~ere 
conducted on PND 5. The :Se\ectec.l pups wene dosed on PNDs 8 through and remained on 
study until PND 63 (study tcrrmnationl. The selected pups were weaned on PND 29, at 
which time lhc maternal animals were killed and discarded. 
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3. Matini: procedure: Females were natural~y mated while at the supplier. The day on which 
spermatozoa were observed in a vaginal smear was designated as GD L and the females were 
shipped to the testing facilny on this same day. 

4. Animal Assienment: Animal assignment is given in Table I. Twenty time-mated females 
were supplied on each of 3 days and assigned to the control or treated group using a 
randomized block design. 

Offspring were selected for use as F animals at the time of litter standardizat10n on Pl\1D 5. 
The offspring were allocated for use in neurobehavioraJ tests, brain weight detefll"Lnations, 
and neuropathological evaluations by using one male pup and/or one female pup/litter. 

TABLE 1. Studv desitm 

Experimental Parameter Dose (mv/b bw/dav) 

0 7.5 

Maternal animals 

No. of maternal animals assigned and }'OB (GDs 10 and 17; 30 30 
LDs 2 and')) 

Offspring 

FOB (PND~ 5. 12. 22, 36, 46, anrl 61 l S-l 1/sex 9-12/sex 

Motor acth'ih' (PNDs 14. 18. 22, and 60) 8/sex 11-12/sex 

Auditon starlit: habituation (PNDs 23 and 61 / 8/sex l l -13/sex 

Learnin~ and memorv {P~Ds 24/27 and 59/62 i 15-16/sex 22-23/sex 

Brain weight: 
PND 12 (fixed weight) 8/sex I J -12/sex 
PND 63 I wet weh?ht) 10/:-,fx , 2/sex 

Neuropathology and Morphometrj: 
PND 12 (immersion fixation\ 8/sex 10-12/sex 
PND (,3 1pnfusion fixationi l l/sex J2/sex 

5. Dose selection rationale: The srngle dose used in the c1_;rrent study was the same as the high 
dose in :.i definitive developmental neurolm~icity study (MRJD 46153302). Due to a high 
number of whole litter losses at this dose in the definitive smdy. the cuITeni study was 
designed tn provide supplemental information. 

6. Dosage administration: All doses were administered once daily by gavage in de-ionized 
water at a dosing volume of JO mUkg bw/day, based on the individual daily body weight. 
Matem.:.11 animals were dosed from GD 7 through LO 7. and F, animals were dosed on PNDs 
8 through 22. 
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7. Dosage preparation and analvsis: The amou!lt of the tes: mmeriaJ used was not adjusted to 
accoun1 for purity. The formulation was prepared every 4-6 days by adding sufficie.nt de­
ionized water to a weighed amount of tesi rnateriaL Each formulation was subdivided into 
aliquots for daily dosing and stored at room temperature until use. The method used to mix 
the fom1ulatio:1 was not described, although the study report stated that the prepa:ations were 
shaken prior tu dose admini;;tration. Stabihty of the dosing fommlanon was mea:;ured in the 
definitive ~tudy (MRID 46153302). TriplicalC :;amp1es of fonnulation from the fast batch 
and from one subsequent batch (Ap1il 7 and 30 .. 2003) were analyzed for concenlration, 
Homogeneity analysis was not done. 

Results: Concentration Analysis: Absence of the test material was confirmed in the vehicle. 
Mean cnnCt'.ntrntions of the dose formulation were 106.0-11 of nominal. 

Stability Analysis: The stabilit:1 of the test article in the vehicle was noted to be :;atisfactory 
for 5 days preparation: these data were not included. 

Homogcneit~· Analysis: The formulation was stated as being a solution so homogeneity 
analysis wa,. w,t done. 

The analytical data indicated lhat the mixing procedure was adequate and that the difference 
between nornn°al and actual tJ the study animals was acceptable. 

C. OBSERVATIONS: 

1. ln-lif e obsenalions: 

a. Maternal animals: Cnge-,idc obsen'afons were condu:cted each morning and towards 
the end of ra:::h workrng day. Detailed clinical observations and body weight were 
recorded upon m1ivaL daily (immedimcly prior to dosing) during GD 7 through LD 7, and 
on LDs 15. 22. and 28 (termination). 

All maternal animals were subJected to a functional observational batterv on GDs 10 and 
17, and on LDs :::! and 9 The examinations were conducted in the home-cage and in a 
standard (open) arena by ;m individual unaware of each animal's treatment group, and 
included evaluation of the paramet~rs ind1caled (X) below. Additional detaik of the 
lestin.1,: procedure (such as environmental conditions, duration of testing) and scoring 
criteria 'Nert· not given. On treatment days. it was r.ot stated whether the animals were 
tested heto~c or after dosing. 
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X 

X 

X 

X 

X 

X 

FUNCTIONAL OBSER\'ATIONS 

Signs of autonomic function, including: 
l \ LKnma1mn or salivatmn 
2) Piloerection or endophthalmus/exophthalrnus, 
.1) Urine st.aming or diarrhe,1 
4) Pupill:iry response w light: miosis/mydriasis 
5) of pa\pebra1 ck>sure, i.e. ptosis. 

Descnp,mn. inc1<lence, and severi1y of any convulsions, tremors. or abnarmal movemenr.,; in the home cage and 
sw.ndard !open) arena. 

Reactivity to general stimuli. including response 10 approach and touch. 

Amu~al kveifalertness. 

Descriprion and incidence of ptmure and gait ahnonnalities. 

Descnptmn and incidence 01 any unusual o, ahnormal behavior, excessive or repetitive action (s,ereotypies), 
emac:iaLion. dehydration, hypotnnia or bypenonia. altered fur appearance, red or crusty deposits arnund the 
eyes. nose. or mouth. and anv otiicr observations that may facili1ate interpreiat10n of the data. 

b. OffsgrinJ!: 

l) Litter obser-n1tions: The day of completion of parturition was designated as PND or LD 
1. The sex, weight, and clinical condition of each pup was recorded on PNDs 1 and 5, 
and litters were checked daily throughout lactation for dead or abnormal pups. 

On PND 5. litters were standardized t0 a maximum of 8 pups/litter (randomly selected 
4/sex/litter. as nearly as possible), and litters with 7-8 µups and at least 3 pups of each sex. 
remained on study as the f\ generation. The excess pups were killed and discarded. 

The F 1 litters remained with their darns until PND 29. lndividual hody weight and 
detailed clinical observatwns were recorded on PND 5, dai1y during PNDs 8-22 
(immediately prior to dosing), and on PND 

2) Postweaninf,! observation~~ After weaning on postnatal day 29, offspring were 
examined daily for mortality or clin;cal s1gns. Individnal body weight and detailed 
clinical 0bse,rvat1ons were recorded on PNDs 36. 43. '.iO, 57, and (prior to 1ermination). 

3) Developmental landmarks: Be~inning on PND 29. female offapring weTe eAamined 
daily for vaginal patency, and beginning on PND 36, male offspring were examined daily 
for ha1anopreputial separar,on. The age and body weighr at the time of onset were 
recorded for each animal, 

4) Neurobehavioral evaluatio-ns! 
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a) Functional obserYationaJ battery (FOB): Selected F 1 offapring were subJectcd to a 
functional observational battc'.ry on PNDs 5, 12, 22 .. 36, 46. and 61. The exam;nations 
were conducted m the home cage and in a standard (open) arena by an individual who 
was unaware of each animars treatrnen:: group. On treatment days the testing was done 
prior to dosing. The FOB offspring assessed the same parameters as the maternal 
FOB with no mention of adjustment to account for developmental age. Additi-Jnal details 
of the testmg procedure (such as environmental conditions. duration of 1esting. and 
scoring cri1eria were not giv~·n. 

In general one male or one female ,va:; selected from each litter. However, in order to 
ensure that al leus1 10 animals pct sc). were ~xamined, it was necessaf'J to select one male 
and one female from some control litters. 

b) Motor activitv testing: 1\fotor activity was evaluated in one male or one female per litter 
on PNDs 14. 18, 22, and 60. An automated activity recording apparatus was used to 
record and small movements Over the course of a 50-minute session, comprised of 
ten 5-minute scans. The s.ame animals were evaluated at _each time point. 8n :reatment 
days (PND l4, 18, and 22), the testing was dcne prior tc dosing. The trcatmen: groups 
were counterbalanced across the c.age numbers of the activity monitors and the 
assessments were done in a separate room in order to mi.nimize environmental distraction. 
When the trials were repeated each animal was tested in the same monit'.)ring device 
across lest sessions. A description (or make and model number) of the monito1ing 
devices w,1s not provided 

c) Audilon startle reflex habituation: Auditory stan!c reflex habituation testing was 
performed on one male or one femrtle per l1tter on PNDs and 6J. using c.n automated 
system. Mean response amplitude and t1me to maximum amplimde on each of 5 blocks 
of 10 lnals per session wc,c calculated. i',;o description of the equipment used. 
env1ronmenrnl conditions length (msec) and intensity (dB l of sound, or the length of the 
interval between trials wa:; given. 

d) Learning and memon testing: Water ma;,;e testing was performed on PNDs 24/27 and 
on P;\fDs 59/62 to evaluate associative learning and memory. Separate groups of one 
animal/sex/litter were rested at each intetvaL Each session was comprised of 6 trials in a 
Y-shape<l maze with one es-~ape ladder followed by a single trial in a straight channel to 
evalualc swim speed. Thr a:nount of time required for the animal 10 find the ladder was 
recorded tor each trial. 

The cntenon for a successful trial was a time less than a gi 11cD cur-off vaiue, ar,d the 
followim; c'..lt-off values \.Vere med: 3, 4, 5. 6, 7, 8, 9, and l O seconds: and multiples of 
1.0, 1 .:.:,, and 2 () times the mdi vi dual animal· s straight-channel time. For each individual, 
the perccnwge of trials meeting a speci criterion was calculated and w;ed to determine 
the group mean fo:- that c:ritcrion. 

r 
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Learninr was assessed by comparing the swim times for Trials l and 6 on the first day of 
testmg, ,md memory wRs asBesscd by comparing the swnn time for Trial l. on the second 
day of testing to the swim time for Trial l on the first day. 

The inter-t1ial interval was not reported and there was no further description of the 
equipment or environmental conditions (lighting, water temperature and depth, 
background noise, etc.)_ 

5) Cholinesterase determination: Biomarker data were not measured in the current study. 

2. Postmortem observations: 

a. Maternal animals: Females that failed to litter were sacrificed on nominal GD 26 by 
halothane vapor followed by cxsanguinatlon and subjected to a gross necropsy which 
included e:,mrrrination for pregnancy status. Dams with 1itters not selected as F 1 animals 
on PND 5 and females with total litter losses were sacrificed and discarded w,thout 
exarnm;itmn. Maternal aniraals of the selected F\ litters were sacrificed by halothane 
vapor followed by exsanguination on PND 29 and discarded wjthout examination. No 
tissues were retained or processed {or histopathological examjnatiotL 

b. Offspring: On PND 5, the excess pups (i.e. those culled during litter standardization and 
litters nor felected as Fi animals) were kilkcl and discarded without exarmnati )n. 
Offsprrng that ,vcre foun<l dead dunng the dosing interval (PND 8-22) were subjected to 
g,ros::; necrop~;y. Offspring that died m were killed for humane reasons prior to PND 8 or 
after PND 22 generally were dis:::arded without exarnin:1tion .. No tissues were retained 
from these animals. 

The offspnng selected for brain weight and/or neuropathological evaluation were 
sacrificed on Pt\.TI 12 or on Pi'-TD 63 .icd ,ubjected lo postmortem examinations as 
descrihcd belO\v _ 

On postnatal day 12, one male or one female per litter were sacrificed by carbon djoxide 
expowrc. and the brains fror:1 these anim:iis were immediately exposed and immersion 
fixed m ! (Ni, neutral buffered form(i: saline. At least 24 hours after fixation whole brain 
and c<:rebe.liar \veights were recorded, and the tissues were embedded in paraffin wax and 
processed rn the following manner. The cerebellum was cue sagitally at midline to make 
2 blocks {20 and 21) and the remainder of the brain was cut into 5 blocks by making 
transverse cuts at the fo:lowmg anatomic landmarks: the rostral edge of the olfactory bulb 
(level i ): the caudal edge e,f the olfactory bulb (ievel 2): the rostral edge of the median 
eminence (level 3 ): the c~tudal edge of the cerebral hemispheres (level 6); and the 
midpoint of the remaining brain stem. Tilt blocks were sectioned, stained with 
hemmoxylin and eosin, and examined w;ing light microscropy. 
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An image analysis system (KS400l was used to make the morphornetric measurements 
given m Tahle 2. The used a light box, macro lens. and video camera, calibrated 
by means of a graticule. to take the measuremenrn on levels 2-5 of the 
cerebrum/brmnstem and to measure the height and length of the section of the 
cerebellum. The rest of the cerebellum measurements were made using a 1ighr 
microscope, calibrated hy means of a stage micrometei-. Measurements of width, length, 
and hc1ght were made over the maximum dimension of the indicated structure, and dorsal 
cortex measurements were made at ngbt angles to a tangential line at the surface of the 
brain and extended from the mcn;ngeal surface ro the inner edge of the pyramidal cells 
adjacent to the wh1te matter of the c1.temal c..ipsuie. Bilateral features on the 
cerebrum/brainstem sections '..Vere measured on both the left and right sides u:iless one 
side v:as oblique or failed to shov,, the feature in question for some other reason. The 
cerebellum was measured on one the two sHdes. i.e. the one that provided the best 
sagittal section. In some cases. it was not possible to cu,; an ad.equate section for one of 
the le,eJs. 

The image analysis system was also used to measure the length of the Purkinje cell layer 
on lohule 8 of the cerebellum adJacem w the prepyramidal fissure. The number of 
PurkmJe cell bodies jn lobule 8 were counted and expressed as a function of the length of 
lobuie 1--. 
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Brain Reeion 

Frontal Cortex 

Dorsal Cortex 

Piriform Cortex 

Hippocampus 

Corpus Callosum 

Thalamus 

Thalamus/Cortex 

Cerebellum 

! 
! 

l 

Height 

Wtdth 

TABLE 2. 
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Brain morphometry. 

Parameter Descrh1tion and fNumberJ 

--Thickness ( l) on Level J at mos! dorsal poim of external capsule, parallel to midsaginal line 

Thickness (2) on Level 3 along a line drawn at ~45~from the midsagittal plane 

Thickness on Level 4 along a ime drawn at 90°to the wrlace and through tl1e medial tip of the 
deniate. gyrm, 

Thickness on I_eve\ 5, measured 111 the same m:inner as 4A (immediately above) 

Thickness on Level 3 at midpoint between rhinal and amygdaloid fissures 

Thickness on Le,·e\ 4 at m1d-roint be\ween rhinal and amygdaloid fissures 

Thickness on Le•1el 5 a1 rrudpoint between rhinal and amygdaloid fissures 

Length from midline t,, outer edge of most later~! pyrnmidill cells on Level 3 

Length frum nudime \fl ,mter edged ,no,,\ lateral r,yrnmiJal ce!]:; on Level 4 

Width 011 Leve\ :i from inner ·wne of dent;ite gyrns lll outer edge of CA2' 

Dentate gyms· Width on Level 4 at level of mos; medial part of lower limb of CA3 • 

Length on Leve! 4. measured paralld to a dorsal (horizontal) plane 

Width at wides1 point on Level 5 

Thickness :it inidlinc on Level 4 

Height at rnid!ine on Level .i 

Wiuth at wit.lest porn! on Level 4 

W1clrh at w1des1 ooinr or, Level 5 

Overall width ar the widest point of Level 4 

He1ghl 

Length 

Preculminatc Fissure Trnckne~s of molecular 

Thickness o:· 011te-r granular !ayer" 

Thickness oi inner granular !ayer 

Prepyramida! Fi.-surc Thickn,:ss of molecul,ir layer 

Thickness ,_;f outer ~ra;1ular layer 1' 

Tlnckne3s of mner 1,:ranular la;;er 
- .. Data taken from Appendix 1·. pp. :'.17-22:.'. MRlD 4c,239,~0J. 

• CA2 == Comu Atnmoni, ::., anJ CA3 = Cornu Amn~nms 3. 

-
h Measured only in pDr,, killed on PND l'.:'; not found Ill adult raL, 

On postnatal dal 63_ at least IO animals/sex/group were deeply anesthetized via 
intraperitoncal sodium pentoharbitone and euthanized by perfusion fixation with formol 
saline at a volume ,1pproximatclv equivalent to their body weight. Brains were immediately 
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X 

X 

removed. whole brain .and ccrebi?llar weight~: were recorded. and the central and peripheral 
nervous t1ssucs md1catcd below (X) were collected and preserved 1n an "appropriate" 
fixative. The bram tissues were processed in the following manner and examined. The 
cerebellum was cut sag:Jttally at midhne to rrwke: '.2 blocks {lrvels 20 and 2 l ). and the remain­
der of the brarn (cerebrum and brain stern) was cut into 6 blocks by making trans, erse cuts at 
the followmg anatomic landmarks: the wstral edge of the olfactory blllb (tevet 1): the caudal 
edge of the olfactory bulb (level 2): the rostral edge of the median eminence (level 3); the 
caudal edge of the median eminence (level 5 l; the caudal of the cerebral hemispheres 
(level 6 ): and the midpoint of the remaining b:-ain stem. The blocks were embedded in 
paraffin with the rostral or media! face d0\1/ll (as appropriate). sectioned, and stained with 
hematoxylrn and eosin, and the s,pinal cord sections (induding spinal nerve roots and dorsal 
root ganglia)_ eyes, and muscle sections were processed in the ::;ame manne':'. The peripheral 
nerve tissues were embedded in resin, sectrnned ma "semi-thin" manner. and stained with 
toluidine blue. Detailed morphometric evr.iua:ions and enumeration of Purkmje cell bodies 
in lobule 8 of the cerebellum were cond11ct::::d in the same manner as for pups k.iHe don 
PND 12. 

CENTRAL NERV0l'S SYSTEM !I XI! PEP~ll?HERAL NERVOUS SYSTEM -
[ /: lf BR.A!h' l'ERIPHlE',RAL NERVES 

[transverse 2nd longitudinal secuons) 

Cerehrum am! bram,terr: (trarc:;.·;•:r&e sectiow,) 
1--~1 

Proximal ,;;c1,111: 1,er~ve ' - ! :..; !/ Proximai t10rn; nerv,' ' f' X Cerebdlum 1 ;.agma! sections) 
- [ :\ !) Distal :1b1al ,1e~ve kalf muscle branche,) . 

SPINAL CORD j/ /I OTHER 
/1r:111,1·N,c and longit:;dmal s,;e1ions1 

X Cervic::tl ,wcl!mg Eye 1¥:tth uptil n;;-.rve and retma) ., 

- if-" Ii X Lumb:n S"<vdmg 

I~ 

GastrocneP1i•1s mu:sde {transverse secfr,ms)' 
~ I -
' V I Sf)in.il nerve nJOL, ar cer·aical swelling" ! ·' ! - ~--- i 

: \' ) Spinal ne0't' root, a: lumbar sweiling b - i;~-il 
·' • I\ Dorsal rneit gang!; l tit ,:ervical swellmg , 

,-..- i1-· ~ ~ li 
I:1orsal ro0t g.:mgli;i at himbar swelling i. ii '· 11 

. , 
Daw taken from pp. :.6-27. MRTD 462.:l9Eu! . 
• Right and left pre,erveq; lefl processd for examination 
~ Spinal nerve rno1, and don;al :0ot ganglia were rncll,tkd :ran,vcrse secti,m<; of the sr,in,\\ cmd. 

In addition. al least 10 anim.1h/:0ex/grciup \\e~e sa::.:rifice:I. on Pl"l"D (13 by curbon d10x.ide 
exposure. and the brains from these animal,; 1.vercimmecl1a[e!,· removed, weighed (whole 
brain anc.J rc-muvcd cerebellum), and stored :r; ;:r, un~pccified fi,:arivc. ~ 

D. DATA ANALYSIS: 
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1. Statistical analyses: Maternal body weight during gestation and donng 1actat10n were 
analyzed using analysis of covanance (ANCOVA) with GD 7 body weight and LD l body 
weight. respectively as covanants. Maternal body weight on LD I was analyzed using an 

analysis of variance (ANOVA). 

Offspring body weight was evaluated on a litter basis. ANCOVA was used to analyze the 
mean pup weight on PND 5 pre-cull and to analyze the mean weight of the selected F 1 

offspring: dunng PNDs 8-63. The mean bodv weight on PND I and on PND 5 post cull were 
respectively used as covanants. and both were analyzed used ANOVA. 

The following data were analyzed using ANO VA: gestation length; litter size: total litter 
weight on PNDs I and .5; motor activity measurements; maximum amplitude and time to 
maximum amplitude in startle response tests; (litter based) time to prcputial separation or 
vaginal opening; (litter based) body weight al preputial separation or vaginal opening; brain 
rnorphornetry data: and the number of Purkm1e cell bodies per mm. 

Whole brain and cerebeli um weights were analyzed using A.NOV i\ and using ANCOV A 
with final body weight as the covariate. Brain to body weight ratio was not analyzed 

statistically 

The followi 11g parameters were analyzed :..ising Fisher's Test: Ihe propo11ion of litters 
with gestation length than. equal ro, a!1d greater than 22 days; the proportion -'.1f whole 
litter loss in crtd1 group: and the proportion of males and females with observed 
developmental landmarks (pr,~;mtiai separation and vaginal opening) on each day. 

Data penaining to !ivc born pups, pup survival pre- and post-cul!, and pup sex. were evaluated 
as follows l) mean percentages were <1nalyzcd using ANOV A following the double arcsine 
transfonnation of Freeman and Tukey; 2) the proportion of pups born alive, the proportion of 
pups surv1 vmg. the proponion of litters with all pups born alive, the proportion of litters with 
all pups surviving and the proportion of ma;e pups were am1lyzed using Fisher's Exact Test. 

Data from the water maze 1cs1ing were analyzed as follows: J) mean swimming times in the 
straight channel and for each individual trial ;n the Y-mazc ·were analyzed using AN OVA; 
2) mean percentages of successful tii~ds ut each cut-off valur;: were analyzed using ANOV A 
following rhc douh!e arcsine lransformation of Freeman and Tukey. 

All statistical tests were two-sided and used significance- levels of p<0.05 and p<C:.01. 

2. Indices: 

a. Reproductive indices: No reproducfr1e indices wete calculated. 

b. Offsprin~ viahilitv indices: :~o offspring viabilny indices were calculated Proportions for 
live born :.md surviving pups were given in the r<~suJts tables. 
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3. =--~'-'--~~~~~~~~~~- J--Ii%orical control data were provided for the 
incidences of mmirnal and demyelination of the proximal sciatic, proximal tibial, and 
distal tibiul nerves and for brain morphometric measurements, on PND 12 and 63. 
The demydination data ca.111e from to studies conducted during October 2001 through April 
2003. The brain morphomerf) data came from eight studies conducted during Juiy 1995 
through October 2002. No further informati::m was rrov1decI concerning the materials, 
method,;_ and personnel used in those studici:. 

No positive control data were provided. However. the following citations tor previously 
conducted positive control and/or methodology validation studies were included in the 
"Reference-," section of the :::rndy rep01t (p. 36. J\1RID 46153302): 

• 

• 

• 

• 

• 

Allen. S. ( l 993) Measure.men! of motor activity m mt pups. CT'L Report No . 
CTUP/4155. MRID 44064701 

Al S. ( 1994) Assessment of lcammg and memory in rats. CTL Report No . 
CTUP/4:::'57 MRID 440(,4702. 

Allen. S 11995) Developmental neurotoxicity tnudy ir the rat using dietary restriction . 
CTL Repon No. CTUP/4383 MR.ID 44064705. 

Allen. S. t l 996) Trimethyttin chkTid,;;:: invest<gation of neurotoxicity in rat pups using 
morphometrics and stai11e response. !v1RU) 44064703. 

Chivers. S. C003J Motor activity: positive control study ir; rat 
CTUWRo_;,75;\'ahdation/Report . 

CTL Report No . 

.:vt:ilburn. G. (2003) Di1.oc:1 and rnecamylaminc: positive control water maze study in 
rats. CTL. Report No. CTL'WR0442/Reguh1tory/Repon. 
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l. Mortality and clinical and functional observations: One treated female was sacrificed on 
ill 2 due to clinical signs of pale and piloerect1011. One control female failed to produce a 
litter and was killed on day No abnormal FOB findings were recorded on any testing day. 

2. Body weight: Selected group mean body weight data for pregnant or nursing dams are given 
in Table J. Mean body weight and body weight gain of the treated dams were similar to 
those of controls throughou1 gestation and lactation. 

TABLE J. Maternal bodl' weight (g) ))nd body weight gain (g) duringJestaeion and lactation• 

I Observations/study day 0 Jffl!fWdav -
Gestatii>n 

Mean r,odv wei2t1t CD .1 II 1 55.7+ 16.3 

Mean bndv weiic:ht C,D 7 t 289.8 ± 16 8 

Mean r,ody weir:ht CD lJ 3245 ::r: 17.CJ 

Mean bodv weight GD 22 387.7 ± 25.1 

Weight gain GD 1-22" 
Ii 

132.0 

Lactation 

Mean hodv wet,!)H Li) l I! 301.0 ::c :>:u 

Mean bodv weight LD 7 
! l 

I 

3{)94 -t 23.9 

Mean bodv we1f'h1. LD 15 3484 :t 25.3 I 
Mean body W!:tgh! LD 22 362,7 + 19.5 

' Mean body weight LD 29 3511::: 11U 

Data taken from Tahk~ :\ and 4, PP . 69-71 and 72-7.1 tivel MRID 462.WS0L 
'' Mean body we1rh1 values are given as Mean:!: Standarc: De ;1a1ic)!L 
1
· Ca\cul;,1ed by r,·:iewer using group mean hotly we,J.zlit ·.:ilu~:;: nol s:atistically 

7.s mg(!cgl~y 

256.2 := 17.3 

290,7 - 17.6 

324.7:::: ils.8 

40].8 + 26.0 

145.6 

304.1-J ·• 28.0 

320.8 :z: 24.6 

356.5:t 21.l 

358.6 + 20.1 

34L7 ..- 21.6 

3. Reproductive performance: The ~"·~~r•-•·--- perfnrmance of the parental females is 
summarized in Table 4. Pregnancy rate, length. and number of live born litters 
were similar between the treated and control groups. One control dam had two sti1lbom 
pups 
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! TABlLE4. Re_prnductive performance. 

I ~bservation ] il n~:~day - 7.5 ~/dav 

Number rruned l1 JO 30 

Numher _pre,mam , <;f 1 ]{; ( 100%} 30 (100%) 

Incidence of dvswc:1~ 0 0 

Total liner re::.orpur,n,, l 0 

Litter5 born dead I 0 

Number of 1mer, w1,h live nups cm LD l 18 30 

Mean (,;:SD) gest~Hion duration (davs) 22 fl :t: 0.2 I 22.0±0.0 
- - ' 

, -, '" , 
' 

4. Maternal postmortem result.<;: Maternal necrop~,y wa:; only conducted on animals that died 
intercun-en! l ,v. The control animal that failed to produce a 1irter had 6 implantation sites in 
the uterus. Mulup\e adhesions the abdomir,a1 organ& \1,erc found in the treated dam that 
was sacrificed on LD 2. 

B. OFFSPR.JNG: 

1. Viabilil\ and clinical signs: Liuer size ~rn.d \iability (survi·"al) are summarized in Table 5. 
In the contro: group a wtal of five d.:o.ms had curnp!cte litre: loss a.nd another eight litters had 
insufficient numbers of pups for selection of Fi animals. Only two treated dams had 
complete !111er los:,. No treatment-related clinicai signs of toxicity were observed in pups 
during l.ictnuDn or post-weaning. Pups from the treated dam sacrificed with clinical signs on 
LO 2 showed 1~yperthermi2 prior to sacr;ficc. 
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TABLE 5. Litter size and vfabil!!x_ 

. 
ation 0 mg/kg/day 

Total number horn 337 

Numher bum alive 327 

Number bom dead ]() 

Tow.t litter loss 5 

Litters with msufficicm pups' 8 

Mean liner ,:u-
LD l 11.5 ::t: 3.7 
LD 5 (pre lull; 9.5 ±4.I 
LD8 I 8.0:::: OJ) 
LD 15 

! 
6.Q::: 0.3 

LD29 6,{} ± 0.3 

Sex Ratio l ~;. ma le J on LD l 50.4 

Proponion riom iiw- (<;i) q4_6 

Proportion surviving J Ds 1-5 (%) 85.9 

Data taken from Tables 6-10. pp. 75. 7q_ respectively, and p, 523. r..'JRII) 462398DL 
'At least 3 male•; and :, fernales in a liner of al ie3st 7 pups. 

: : 
7 .5 mg/kg/day 

364 

354 

10 

2 

3 

I l.6 :± 2.6 
i0.9 z 26 
7.9 ± 0.3 
6.6 ± 0.8 
6.5 ± 0.8 

54.6 

97.7 

I 94.l 

2. Body '!_eight: Pre- and post-weaning offspring body weigh! data are summarized in Tables 6 
and 7. respectively. No treatment-related effects 011 offspring body weight dunng or after 
lactation were observed. Body weigbr of the treated males and females was consistently 
greater than that of the controls throughout the study. 

I 
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TAHLE6. Pre-weaning offspring bodj' weight data (gl 

-
Parameter/Postnatal Day or Inter-va1 (;. mg/kg/day -

Mates 

Bod1 weight PN]) I !1 

Body weight PNil 5 (pr("-cu!!) I 
Body we1gh1 PNfJ l(l I Body weight PN Ji 1.i 

=3' 11 

Body weig\Jt PND 2:: I 
Body weigh: PNP }() 

BW gam PND l ( rre-cul! )' 

BW gain PNll 5 (po,t-cull) lhrougb pi-,ri) 29" 

Females 
,. 

Body weight PNP I )I 
I 

Body weight PND 5 1pre-:::uli) 
' 
1I Body weight r·ND I (1 

)! Bcxly weight l'l',;l! I• 
'-t 

Body weight PNP 22 Ii 
Body weight PND 2'l · ir 

_j\ 
" 

BW gam PND J._s 1p1e-cull)' ti 
BW gam PND 5 ,r,u;;,-cu[[) through PND 29' l 

- -" Dara taken from T:ihlt-s 1 l J_lld b. pp. 80 and 123-1 ~~. 
"Calculated by r,",1twcr from group mec.n ·,.,\lu~,. 

6(}±0.7 

(}.3 ± 1.9 I n.s ± 2.0 l 
I 

27.1±2.5 

504 ::t 4.0 

Q(J 9 ± 5.5 

~ ' _';,·,) l 

81.6 l 
I 

5.7 :e:OS I 
C/.0:!: l.9 ' I 
170:tlS i 

__L 
211.t :t 2.4 

:+8.8 ::t 3.5 
) 
I 

~,Lt, 5.1 i 
~ 
I 

.l'.l I 

75.7 ! 
MRID 46239801. 

7 .5 mg/kg/day 

62 ±!l.6 

1().1 ± 0.9 

20.1±!.3 

30.5 :t l.5 

54.8 :!: 2.0 

95 g ::t 29 

3.<i 

85.8 

5.8 ± 0.6 

9.5 ± 1.0 

18.9:.t J.5 

29.0 :.t 2.1 

52.3 ± 2.8 

89.6± 34 

:u 

80.l 
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TABLE 7. Post-weaning offspring body weight data (g) 

Parameter/Postnatal Day or Interval 0 mg/kg/day 

l\fales 
! 

Body weight PND 29 90.9 :±: 5.5 

Body weight PND 31i 145.8 ± C; 1 

Body weight PND 5() :is&.6:t 16.l 

Body weight PND 6, 353.6 ± 19.:2 

BW gain PND 2'L(,:V 262.7 

Females 

Body weight PNO 2~' I 
Body weight PND Jt, 

Body weight P1'1'1• Sf: I 
Body weight PN[, (,:, 

BW gain PND '29-63· 

Data taken from Tahle i5, pp. 123-128. I\/[R.ID 46'.".39S01. 
'Calc.:ulated by rev1n,·er from group mean values. 

3. Developmental landmarks: 

84.6±5.1 

128.9±7.l 

I 88 7 :c i I. 7 

223.3 ± !4.8 
-

13S.7 --

7 .5 mg/kg/day 

95.9 ± 2.9 

153.2 ± 5.7 

267.3 :t 8.8 

358 9 ± 12.9 

263.0 

89.6 :t 3.4 

135.3 :t 5.6 

193.J ± 7.5 

224.8 ± 8.9 

135.:: 

-a) Sexual maturation: Age and body weight at scxu;,,J maturation are given in Table 8. Age at 
attainment for the treated animals was significantly earlier than that of the control animals 
and corresponded with slightly higher body weight for the treated group. 

l TABLE 8. Mean (:i::SlJ.} ag.l· and body weight at sexual ma.turation 
·-

I Parameter ' I IL 0 rTtg/kg{ day 7 .5 me/kgLda_y 

~ ''-l (M/F) ]6116 L 24/24 

\'!ales 

Preput1al sqxuat1on (day!·) 44A:;. l.Cl 
Rody wt. at attainment ( g) 211.6 :!:. 13.1 

Females 
Vaginal opcnmg 1day;;J 375.±2.2 
Bodv wt. at attainment ( g) 135.2 -~ J 0.0 

I )ata obtained frnm 1 ah\e 16. ;,p l 2l)_ J 30. M"RID 462:WkO J 
'.,1gnificanliy difL·rent from comrnl· ~r ,: fi.05. 

43.7* ::::D.9 
215.1. :t 6.8 

36.4~ ± l.] 

1364 ... 8.0 

I 
I 

h) Developmental landmarks: Other deve}opmental landmarks, such as eye opening, incisor 
eruption. pin:1:1 unfolding, and fur growth. 1,verc not monitored. 

4. Behavioral assessments: 
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a) Functional observational batten:.: No abnomml findings were rcponed for any animal 
on any 1cstrng day. 

b) Motor activity: Mean total motor counts are reported in Table 9. Activity 
generally increased with increasing age. and no significant differences were found 
between the: total activity counts of rhe treated and control groups of either sex. on any 
testing day. Srntistic:.illy significant differences were noted sporadically for individual 
sub-sesc;wns, but no dose- or time-related pat:ern ,va.s evident. No habituation was seen 
in either sexes on all day. Howcve-;-_ sub-session counts were sornewhat variable 
between successive mtcrvats. 

TABLE 9. Motor activitv data: tobl activitv c:ot.mts for session 

Test Da}' - b mwkglday 

J'\1:ak>s 

PND 14 ~ 37 .9 :t. 17.9 

PND J8 ·I l 58.3 ±: 129.8 

PND ::!'.:' I 303.1 :: 223,(1 --PND60 .44[,.9 = 1 i:> 7 

Fen,1tles 
~ 

PND 14 ]4-l-.8:?: 103.1 

PND 18 7.7 .. ,_: == I 86.3 --~ 
PJ\.'D :::, 402,(,::: 188.1 -PND60 ~7(}. i ::t 33.5 

·7 ' ' ' n. ,.f"i'""; -· Data taken tr,,m L1hle , , , pp. L J-, 3w. r,,iRIL •h.i~:1980 1. 

N = f..tse.x. fn; c1H'll1,! and l 1- ! Z(sex lor tn.::altd rmllT,:11'., 

-

I 

I 
r 
l 

l 
l: 
I 

i 
I -- l 

7.5 mg/kg/day 

77.0 ± 75.l 

246.8 :t. 137.3 

288.6 ± 124.2 

5-M.8 ± 150.9 

l 13.6 :o: 63.5 

i88.~: :t 112.3 

280.2 ± 166.3 

578.2 ~ 71.2 

c) Auditory startle reflex habituation: Results of 1he auditory startle reflex habituation 
testing are in Tabie 10 (maximum startle amplitude) and Table 11 (time to 
maximum amplitude). No :reatment-related differences were ob:served on either day. 
Hahi1u;mon was seen over ::uccessivc trfai docks:n a!I groups on both days. 
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TABLE IO. Auditory startle reflex habituation: maximum amplitude (V1n.11x) 

Daf I Hlock j 

PND23 1-10 

I 1-20 

21-30 I 
! 

31-40 

I: 4\-50 

PND61 l - \{) 7f 
11-20 I 
21-30 l 
3 l-40 J 
41-50 1L 

I 
-

PND23 J .. ]O il 
!l J 

l 1 20 1! 

21-30 
i 
l 

J!-40 I 
I -

41 50 
\ 

11 
PNDt>i I .]Q •I 

f: 
I, 

l 1-20 II _ _Ji 

2 \ -30 ll 
·-j, 

3]-40 [[ 
' 

4)-50 ! 
; 

" 
,, ~. Data taken from hh1e l 1i, pp. IJ9. J ,._, M dL 46'.:.3980 l 

Significantly d1ffrmit fr,)rn comm! • p<O.!J:i 

0 mg/kg)da)· 7 .5 mg/kg/day 

Males 

381 1:: 76 l 396.5 ± 128.8 

288. l ± 68. l I 
i 327 2 :t 73.0 

2~/5.8 :t 37 9 2&2.4 :t 74.S 

248.0 = 5() 6 266.5 ± 56.6 

217.7 ::t 54 l 251.l ± 80 . .! 
= -
1%2.2 ::t :001.i, 

I 
1424. l ± 528.2 ! 

l' 
l :7'.'.4 ± 4 I Ll I l 121.8 :t 749.8 

l 19}.s' 423.7 953.t; ± 334.B 

l 123 <) :;, 322.U 
I 

879.9 

_L 
390.3 

---
l l06. ! ± 2113 853 7 ± >72.9 

Fenm!es 

30.i.2 :!: 50.2 352.5 = !06.7 

236.5 ± 61 .5 242 7 66.4 

'.'09.7 :t 31 I 233.6 ± 57.6 . 
t9•.'L2 :t ·77_0 i 

I 21u, 67 ':, 

l'J9.(: = 67 9 i 199.2 :t 39.3 
- = I 

' 1L:.5 136.6 l 941.7 ± 428 9 
I 

1 73-U ± 173 4 920.f, 338. l l 

~\)LI :: '.\.!./ .!) _J 778.7 ::t 219.7 

547.2-:::. ]<l0.1 t 802.8~ :t 261.5 

(1~2.S ~ 283.0 6423 + :::22.9 
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TABLE I 1. Auditory startle refiex bahituation: time to maximum amplitude 1.n1.~) 

Test Day Block 7.5 mg/kg/day 

PND23 
r-

l-IO L-"' ____ ·:~~-A_±_'·_·"_· _____ -4-_____ ::_s_.2_:r_s_.9 _____ __,
1 ---, 

1 i -2(1 , 

} 1-40 J 
2().:': :± l.6 

PND6! 2S.5 ± 5.8 

~· !-30 24. \ :• 4.5 
-----4~.------------~i--'-------------11 

31-40 I, '!:\to±:::.~· l 25.4 :t 4.7 
i------,--;il-------------~-4,..----------------tl 

,tJ.'.-(l i! 'l>t, ')(, 2'54:.t,i.? 
ll=============:::~==·==,l~[::'======="'-"' .. =··:::· =-=·=· ======.'.======·==··====-=====~I 

PND~J 
-----1, 

t 1-20 l' 

21-30 

131-40 li 
!I 

I' ~l-.~O ;i 1.'~1 .. 7()'7 ::L6:t~• .. 3 
1:===========;::==·===-J,·:.:,: =============·'===============II 

I 1 :-:·.•·, ~ .. '.'.', "'i o 1. 'i 
, l lO _1· ... , _____ --_' ----·------'---·----.:._ .. _:::_ ... _. _____ ~

1 

\ l l-'.!_G __ _,fi, ___ _ 
! 21 :,o \! :'.' : = 2 3 ::: 1 

''"' 3 f) 
,._ ____ Ji1,..' -------------~f---•--------------.ll 
I ~ 
I _,J .. 4(J 

PND6l 

,-' -----i--------------·--~-------------1 
I -1 I- 50 

Dara taken from Tal,k l 4. pp 1.n-1.i6. MRI!, J62J980 r 
Significant\:, dif;'c"n'lH from rnntroi • •p<O 0 

d) Learnin~ and memor)' 1e:,tini!: Scle(:tcd data from the w<1ter maze testing are g1ven in 
Table 12 !or PNDs 24/'27 ,Jilci Tabk l fo1 PNDs 59Af2. No rrtatmem-related changes in 
learning or memory were c•o.,erved cm ,·idie'" sex. The n::-nportvm of su:ccssful trials at a 
specified cul-c,ff criteru v::,s n'.1t affet.:icd 1matrncnr at ::ither interv~:L On the 
firsr clay. icaming was evid:c:nt m each at both time points as a decrease in mean 
swim time !or T nal 6 comuared lo the rneun swan time for l. Memory was evident 
in all groups at bcJth tirre rnint;; ;is ::i dccr.:'.':,!se in the Trrnl ~wim time on the second day 
of ccsting compared to the Tnal 1 swim time on the fint of testing On PND 24, 
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treated males had a significantly faster T1i:1l 4 swim time compared to the controls and on 
PND 62 females had a significantly sbwcr Trial 6 swim time compared to the controls. 
Howe\cL straight channel ~wim times were similar between tl1e treated and control 
groups on all testing days. 

TABLE 12. Selected wate, mau uerformance parameters for offs[!ring at~natal davs 24 and 27. 

71 
. 

Session/Parameter 0 rnEfk!!lday 
~ 

!Vlalcs 

PND24 Swim time (seconds)· I 

Trial I 10.45 ± 5.62 

Tnai /J 5 66 ± 3.07 

•k Successful Trials: , 

Cut-off time= 3 sec 6.J ± E.1 

C:t.:t-nff tlme = 5 sec 45.S ± 30.1 

C'ut-off time = 10 St<. 8J.J±27.l ·- ·;_,~--

PND27 .<,wim time isecondsi: 

h1al l 7.36 ± 3.69 

f'nJ.l 6 4.6.5::: 239 

',-£ Successful Trials: ' I 
' 

Cut-,iff time = 3 sec 26.0 ± 2f,.5 I 
Cut-off time :c: 5 sec 63.5 ± 23.7 I \ 
1 .·u1-<Jf"f rime= 10 sec 1t 9].S:!:83 ' ! 

Fem.ale~ 

PND 24 :;wirn t11nc isccor.Jsi: I i 
----: 

' ~rial I !I 11.0~ ➔-~.8~ I 

Tnu.16 I 4 07 ± 1 5l j 
(;.;, Suc·ce:;,;ful T:1als:' 

11---· 
.I 
:; -I ui-nff ume = 3 sec [ ,. ± 23.l i 

i:··ui off time ::; 5 sec l: 56.?i ::!: :A.2 i 
1---. 

Cut-off time= J 0 sec t 87.5 ± 14.3 I 
PND27 Swm, time (:.econds). it !. 

r~ 

h1a1 l I 8.23 ± 5.38 i 
iria! 6 i 4J:2:t2.97 ! 

r;-; Su,:cessful Trials: ' I! 
11 

Cm-off time = 3 sec I >·-L4 :t 27.5 
! 
I ,__ 

( uH)ff \ime = 5 se;; 1: 7{i.0 ::t 1::.6 ' 
C'ut<,ff time "' 10 St<.: Ii - l/06± !2 / ] 

-, . . .., .. , l - . 
' Data taken from 1 ;.,hie, _o and ~l. pp. 14 · -,50 .. nr. 1)5-11,J. 1e.,ptcct1vely, MRlTJ 462.WtiOl 

N == 16/sex for cnn1rol and 22-23/sex for lrCated amr,nls 

7 .5 n,.,/l,.,/dav 

11.66 ± 7.42 

4.37 ± l.72 

8.0 ± 13.2 

59.4 :t 22.4 

84.l ± 14.6 

7.96±5.48 

5.1 l + 4.02 

2 1 .5 .... 22.J 

65.9 + 27 .3 

89.1 .... 15.6 

9.41 + 3.98 

i,.45 ±2.91 

L'.6 ::t 17.5 

53.0 ::t 22.8 

80.3 ± 17.5 

6.41 ± 4.48 

4.33 + 2.28 

Jo._,+ 29.8 

70.5 ± 18.5 

,;0.2 + J l.l 

'A successful triai ,,_ ,,11~ .rh:ll is compkruJ rn kss than the g1w:,1 cur-off tune. Tht percc:nrage of trials meeting a specific 
cntenon was cakuJ;1t-~d tor each rnd1v1du2l ;,n1rrwl ,tnd useJ t<• detern,ine the grnup mean for that criterion 
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Males 

PND 59 
L'!. 63 :t 5A3 

I 
4.85 ± 2.78 

; 174 ± 22.7 

500± 27.5 

C:'.!t-off time= 10 sc-c 83.3 :t 10.5 S:!..6 ± 118 

PND62 l 
! 4.95±2.11 

! 4.55::: 2.49 

i 26.8:::: 30.0 
\ 

c,0.9 ± 24.4 I 

()J.3 :t 13.2 

Ii--, S,v1rn :11m· (seconds): f-------------ir--· ___ ·1_r_,~_•1_1 _________ __J _____ :_,._u_3_±_2_.8_.n _____ ,,--__ _ 

lnal (, ,\ t, .:I!= 3.3 7 f-------·--------1r-------~-------------· 
·1, Sw.ccs•:foi Trials:· , 

____ (_U,-!--(-,f-i_t_lffi_(' ___ ::;;_}_S~-l-. -----!1--1-----::'.-:'.-.-9-::-iS-.. -1-----:-----• 
1---------------•r--' ----------------t------

( ut-c>ff tnnc = 5 ~ec i, S(,.2 - 25.0 
Cut-Dffllmt"' IO sec ______ /,-. -----◊-S-•.f_o_=._1~·_-;_-J _____ ,_ __ _ 

,, 
F,emalc,· 

PND 5() Sv.:im rnne (seconds': ii 
'n••'·, '1 \\ i'.?,.½)l; :t) ;., • i\ 61 + 6 16 ~---•-u-----------:!i-----'----·-------+-'----·-· __ -__ . -----ll 

if ;c,7,J::::".:.79 I il.26±J.79 ---------·-------------------;------------~! 
___ s_··_uL_·_c_··e_"_s_fu_l_T_r_i_a_1_~_: _, _____ "'li _________________ , ___________ __,r 

f l,U:::HD 

81.2 ± ~ !.6 

PND6:2 Sw11r. lin1e (SCCOlldSJ: 

I! 2 (, ·; ± 25 s i ~--------------,... _____________ ..., ____________ ....,. 34.8 :t 27.5 

Cw-,,ff time"' IO sec 

Data taken from 'L:h;."" :o .rnd :::'J. pp ! :'i l-15-+ nric! l 6J )(.,9. i ' M.RID 46:239f. D l. 
N 16/s:ex for ,_·nn;n:i ~nj 2:-23/sex frir i:reatcC ani na.L~ 
'A successful ma!" ·:H1e 1har 1:; c0Hiple1ed m le:-;:., ,h:in th<" cuH,ff :nne. Tb: µerce!fw.ge of tnals meeting a ,,pecific 
criterion wa, cdcula1eJ f,1r each indiHdual ani::nal :1nd ,1•;ed H• d,:,crmnK the group mean for that criterion 
Significantly <liftcri:m from cnmro': ",) · rius. 

5. Postmortem results: 

a) Brain wci~ht: Brain weight data me given rn Table 14 treatment-related effects on 
whole hr~un or cerebellum -,,11eight were ,)hservi~d 0il 1~i1hi:::r time pomt On PND 12, the 
absolu1c: height of th,~ cc:-,.:::bellum from trearc:i fern 1/c~ was ificantly gremer than that 
of the u,n t rn Is 
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TABLE 14. Brain weight data. 

Studv Dav/Parameter =71 0 ,::;lt;/day I : 7.5 m.wk2/day 

Males -
PNDJl, 9 

Terminal body weight tg) 2u, ± L7 24.J ± 1.9 

Brain weigh! (gJ ].0:, :.c O 09 l.06:t0.12 

Brain,'B W ratio ( % ) 4.76 ± 040 4.41 ± 0.51 
' Cerebellum wdght {g) 0. 120 0.013 0.123 ± 0.007 

Cerebcllmu/BW ratio(% l 0.561 ± 0.088 ' ()513 :t 0 ()48 -
PND 63 (»ost perfusion): 

Terminal hod,y weight (g) 

j 
:163.5 :±: 26.8 360.7 ± 22.8 

Brain weight \g: 193 ± 0.22 l.S! ±0.15 

Brain/BW ratio(%) (;,53 0.04 0.50 ±0.07 

Cerebellum weight (g] o.311 :t o.o:rn 0.292. ± 0.044 

Cerellel!um/B W ratio ( % l JL_ 0.086 ± 0.0(){; 
[ 0.081 ± 0.01 l - -~ -. 

I J1emales 

~I 
' PND 11: i 

Terminal body weight (gt 204 '.!: 2.6 I 23.7 ± U, 
Brain wt'ight lg, !I l J1i O.Ol/ 

I 
L0i :t 0.09 I, 

Brain/HW ratio(%) !I 5.01 ± 0.59 4.30 :t 0 54 ,) 

' 
Cerebt·llum weight (g) 

ij 
0105 :::.0.Gl:S I o 12v• ±0.006 

Cerebdlum/BW ratio ( % l I'-- 05 J'/ 0084 ! 0.509 :!: 0.053 

1r- - -
PND 63 (nost 1;erf1don): I 

Terminal body weight ,.!!,) 

~t 
23!.'-i::t 16.7 I 2.25,3 ± 13.7 

Brain 'IH:ight (g! 

1\ 

1.7e ::i: C. l/i I l.(,O :!:0.14 
Brain/fl\\' ratio(%) 0.7(, = 0,1(/ 0.75 :':: 0.07 

Cerebellum weight (g} (} 172 ± 0.032 l 0.267::::0016 
Cerclw!lunyl\W ratio(% i 0:!8::tOOJfi ! 0.l 19 ... 0009 l 

Data takeri trnm T1,hle 23. pn. 173-179. ·r-..nuD 4623980 l. 
N 8-11/;<;ex/gronp 

S1gniftc:mtly dd t cr•,·m 11·;,m '"mtrol: *p - 0 .\l5 

h) Macrosc•n•ic examination: Offspnng were not subjected to .&,rross examination. 

c) Neurohisfonathoiogy: No treatment relar.ed effects were s,~en at PND 12 or ti3. On PND 
J 2, hcm:mhage in the brain was found rn one male in each of' the control and treated 
groups /\1 PND 63, minimal iO slight dem,;1elmation of the distal tibial, proximal sciatic, 
and pro,jrnal tibial nervcf; was observed in several animals from all groups. The 
inciden;:cs of lhe peripheral nerve findings were within the provided historical control 
ranges 
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dl Morphometrk e,·aluatior.: Morphomerric measurements taken in the cerebrum and 
brain stem ,ire given in Tables 15 and 16 for males and females. respectively, and those 
taken m the cerebellum are given in Table l 7. Evaluation/interpretation of the 
morphom:::tric data was confounjt:d due to the low viabiltty c,f control PND l'.2 animals. 
Howcv.:r.. statistical s1gn1f1cance -,1;us attained, some measurem,~nts, but the~e were 
sporudic. nor consistem over time o,· sex. and nor cm::;i1,tent within .i region. 

The number of Purkinje cells was similar bet\Veen the treated and control groups. 
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TABLE 15. Brain morphmnetry of cerebrum and b:rainstem in rnale offspring (mm}. 

Region/Section C) mg/kg/day I 7.5 mgllq:/day 

PND 12 [N = 8 and 12] 

Frontal Corte, 

Height - Level :: 5.36 ± 0. !5 

Width - Leve! 2 4.38 ± 0.12 
-

Dorsnl Co11ex: 

Thicknes, t I 1 •· Level 3 Ll8±0.!3 

Thickness 1", • Level 3 I l .24 ± 0.09 

Thickl1ess l.t'\'1~1 4 ll l.l l :i- 0.12 

Thickness - Level 5 II 1.02 ± 0.05 
,f 

Piriforrn Cone:\. ii 
Thickne$, - I. e vd 3 

I 
l.l l :!: 0.06 

Thickne,s. cvel 4 [08 ± 0.05 

Thicknes, • I :>,el S i 02::: 0.07 

Hippocampus I ,, 

Length Le,1.l 3 j! :us 0.25 ,, 
Length Ll'., ,· I 4 Ii 4.37::: 0.27 

Width - Le,el 5 11 
l.31 ± G.08 ! 

i 

Dentatc gyru,, length • Level 4 
! 
i 1.54:::0.16 
' 

Denta.te )'\'(U:, width Levc14 
i 
i ()46 ± 0.04 
I 

Dentate gyru:-. w1drh Level 5 ' 0.6q ± O.D7 I 
i Corpus Callo.sum I 

I Thicknes,. Ll'.Y('] 4 0.67::::0J::1 
j 

Thalamus: !, 

l 
I 

Height• Leve! 4 
i 

553 ± (l.29 

Width L1;vt! -+ 8.3'i ± L'S! 

Width - Lnc! 5 i 75:\±0.:,~·, 

Thalamus/Conn 
l 
I 

Overall width . Level 4 
i 
; I 3 53 + 0 36 

'' Data ta.ken from I :thle 24, pp. 180-'.YB. 'v1RlD 46::'3()801. 
Significamly diffrrc r11 from control: ~ pdl.05; "* p<O.OJ. 

5.35:::0.36 

4.'16 ±0.32 

1.25 :!: 0.09 

l.33 ± 0.16 

1.14 ::::0.12 

1-07 ± 0.06 

1.05 ~: O.l l 

l.(J4 ± 0.10 

0.98 ±0.08 

3.00:::0.}P, 

J.88* ± 0.4'2 

I.I 8 ,. ()J(J 

1.45 0.13 

0.50 ± 0.08 

0.62::: 0.12 

0.61 ± (J.l3 

5.4i ± 0.29 

8.14:::0.S:? 

1, <iO • :!: OS.: 

l3.l(, + 0.50 

I O nw°kg/day l 7 .5 mg/kg/day 

PND 63 [N = 11 and 12] 

6.~6 ± 0.19 6.95 :!: 0.35 

I 5.14 ± 0.40 5.40 ±0.32 

l 

j 

l 
1.22 ± 0.1 I L15:!:0.08 

156 0.22 L::! ±0.11 
i 

ll Lll:c0l7 1.]9 :!: 0.11 

Ii 1.25 ± 0.14 1.29 ± 0.13 
( 

l 
I L2l ± 0.07 1.19 ±0.12 
i 
! 1.06 :t 0.06 Ll5** ±0.09 

i l.OF 0.04 108 ± 0.10 

I 
I 
l 2 47 :t G.27 2.4i ± 0.22 

1! :, 67::: 0.46 3.48 ± 0.46 
ii 
I, UJ:±-CU! l.31 ±0.15 
li 
I! l.66:t 0.19 l.61 ± 0.18 

il 
Ji 057 :t 0.04 0.58 ± 0.06 '\ 

(· 

I O.Ci4 ± 0 15 0.61' ± 0.18 ! 
1---

' ' 036 005 0.38 ± 0.05 
-

5.37 ± 0.23 5.20 ± 0.28 

8.(,9 ± 0.35 8.82 ± 0.58 

7.70:;:0.34 7.72 ± 0.25 

14.l6:t U3 14.<7 +0.4& 

\ 
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TABLE 16. Brain morphometry of cerebrum and brainstem in femaie offspring (mm). 

Region/Section 
I 

0 mg/kg b~/day I 7.5 mg/kg/day 

j 1'1'U 12 [N:::: 8 and lOJ 

Frontal Cont·~.· 

Height lx,el2 5.26 ± 0.31 

Width . Levl"i 2 4.25 0.21 

Dorsal Conex 

Thicki11:,s Leve!3 LIO±0i:2 

Thicknes•, Level J ! 1.20± 0 JO 
11 

Thicki1e,s Lcvcl4 I' 1.06 ± 0.06 .I 
I 

Thickne,,. 1-evei 5 I 1.07 ± 0.03 

Piriforrn Conn. l 

I 
Thickne,, • Level 3 1.12 ± 0 08 

Thickne:,s Level 4 1.08 ± 0.07 

Thie kn,:,, Level 5 0.99::: 0.0() 

" Hippocampw. Ii 
Length Le,'cl \ jl ~.{)5 ± 0.3:; 

Ii 
Length. Lnrl .i ii 4~23±0.iS 

r 
Width Le\·,·I :'i f: l.21::: 0.i~ 

\i Dent.He ;;yru, ength • Level 4 147 ± 0.18 

II 
Dentate gviw; ,.,_ idth Level 4 045 :.t 0,'.)4 

l)entate gvrn, width • Level 5 0.59 ± 0.06 ,I 
Corpus Callo,un, +j 

Ii 
Thickne:,s L.eve)4 lj ,! o.t;s ± 0.119 

Thalamus: ii 
i 

Height· Le,:.·! 4 I 5.32 ± 0.2(1 

Width - Leve-I -1 1i 8.30 ± 0.20 

Width - Lnel S 

II 
6.93 :!: 0.21 

Thalamus/Conex 

Overall width · Level 4 ii 13 l2:t0.36 
-, . ., . Data taken frorn fJhle .:.4, pp. 180-20,:,, .,1RLD 46239801. 

Significantly <l1ffrr,·nt from contrnl: • pdl.05; •• p<O.(,J 

5.55 :t 0.32 I 
4.44 ±0.25 

1.23•* ± 0.06 

l.35'' ±0.12 
l 

l J 4• J:' 0.09 ll ·, 
l.10 0.09 l 

I 

J 
1.06 ± 0.15 11 

"' I• 

107 :t CU0 i 
I 

I 05 ± 0.09 l 
--J, 

ti 

'•.14±013 \,,, 

ii :U:i8* ± 0.34 
t: 

U5 :t:0.07 1, 

Ji 
1.45 :t 0.09 

,: 
!! 
~! 

0.46 :t 0.06 )1 ,. 
f 

0.69' ± 009 
i'1 
·' 
'.l ,. 
•, ,, 

O.:'i8 ± 0.13 lit 
1, 
1i 
l; 
ll 

S .2h :t 0.2:\ r 
t 

7,86K :t 0.4} jt 
I' 

7.0.'i ::+: (l 39 
~, 
ll 

:/ 

!1 

1'.::.74 + D.53 [/ 
- ·• 

0 mg/kg/day I 7 .5 mg/kg/day 

PND63 [N 11 and 12] 

6.80::: 0.36 6.93 ±0.32 

5.23 :t 0.27 5 32 ± 0.36 

L:?J ±0.08 120 :t 0.10 

L55 ± 0.20 1.51 ± 0.12 

L:l ± 0.14 1.20±0.08 

l.19 :t 0.09 L22 :t:0.11 

1.19 := 0.08 1.20±0.13 

1.20±0.07 I.I 3* ± 0.07 

1.09 ± 0.07 1.09 ± 0.10 

'2.riS 0.:1,4 254 ± 0.34 

3.81 ± 0.40 'Y,75±0.31 

J J4 ± 0.06 1.36 ± 0.07 

l.7 5 = 0.16 174±0.17 

G.57 ± 0.02 0.58 :t 0.05 

0.59 ± 0 05 0.61 ± 0.08 

0.42 ±. 0.05 0.::19 ±0.07 

.'i.42:: 0.22 5.32 :t 0.29 

8.46± 0.40 8.45 ± 0.30 

7.51 ± 0.25 7.54 ± 0.25 

14.10±0.47 14.08 +0.44 
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TARLE 17 . Braiu llflllfiJhometr:, ,of c~rebellum 

.. _., 
' - jo nwkg/day I Parameter Des,ription I 0 mgflq: hw/!l.ay l 7.~ mg/kg/day 7 .: mg/kg/day 

! Maies l;emales 

[)ND t: [N = 8-12] 
" 

~. 
Height (mm/ 3.74;;:0.16 ::.56'':: 0.l7 3.38 ± 0.37 

Length (mm• 4.3'.? ± 0.3 l 4.04 ± 0.35 19[; ±0.37 
' 

Thickness ol cerc!;e\lar cortex layers j 
PrecuinunaH· Fissure: _j --------- I I 

Molecular !aver (mm; I 7'5 9 ± 9.0 
1! 

Outer r,anular layer (mm, 
,, 

34, "':6.6 
i 

lnner gnnular byer (µmJ l J5i :!:: 24 
-1 

Prepyrami J.i I Fissure: I/ 
II 

Mokcui:Jr I aver, mm, Ir 65.0 10.2 

Outc,·,::r;rnul;:;r layei {µm) ll 44.b::: 3.5 

Inni.:r layer (n1m) it 117 :i :2 _ _JJ 

'-7: 
Height (mmi 

,. 5.52 ::: tt5'; ,, 
i 

Length (rmn, _JI 6.29 :-.t 0.7.? 

Thickness of <.'en:he ilar cone,. layer, Ii ,, 
Preculmrnak F1ssure: 11 

'1 
Molecular hvt:r (mm) 

F 

l' 99 4 ::t l'.2.0 
'5 

lnnn .~1.lllul:n hyer {Jtnl) ! 80:::: I l 

J'repyratn«b' F1,,;:.irr · 
~---

Moleculctr iaycr immi ' ! ]~'4 :t 20 il 

lnm:r Qr.rnula1 !aver Imm) I 73:: JO 

"'· ~ Data taken frnn, T,,hk .c•l. rp. ,80-'.W.,, ME D 462:::9801. 
Significantlv dil it-; :,n1 fr0m control: • p<,).0.' .. 

70.9 ± 6JJ 11 69.2:t:69 
, i,..._ 

38.2 ± 8.<l 
11 

35.:5 ± 4.4 i 

]50 ± 27 :1 141 ± 2Q . 
I 

, 

57.7:::: (i,?, 564 ± £.8 

49.3 :1: 9.8 44,8 ± 7.0 

J,C .,., ,._ ii l:::'J ± 9 

F7'H 63 

I 
! ~.:3::::0.2) i ;Ll5::: 0.21 
I 

( '," 7: I 6.Sl t, 7 0 ± 0.'.:'5 ± )4!) _J: 

! :1 ,, 
--!' 

( ir 
I ~! 

~ 
! 

\\ l(J5.0± 12.0 
t 

lOl .O ± 9_,; 

r I 76 ± l 6 91 8 : 
!; 

r 
i ii i 

--11 

I 117.] :t 19.1 I' j 1,Q ~ J0.5 ;! 
"'-•-ji 

! ! 
] 8 l * ~ 7 i! 77 -· JO 

3.72 :t 0.19 

3 89 ± 0.30 

69.8 :t 6.4 

1,g_7 ± 7.7 

132 ±22 

57.2 ± 8.2 

<18.5 ± 9.5 

138* ± 16 

4 93:;: 0,28 

6.37 ±0.53 

! W4.i ±6.6 

l 86 ± 7 

108.9 :t 13,0 

77 ± 10 
-



111.DISCUSSJON AND CONCLUSIONS: 

A. INVESTlGATORS' CONCLUSIONS: The study author con:::luc!ed that there were no 
treatment-related effects on the f\1 parent females. The study author also concluded that no 
evidence or toxicity, including neurotoxicity. was seen in the F, offspring. Poor survival of 
pups from the group dosed with 7.5 mg/kg/day in a previous study was not repeated in the 
current study. 

B. REVIEWER COMJ\,lEN'lr~: 

The current study was designed as a supplernenl to a definitive developmental neurotoxicity 
study {MRID 46153302). Only one dose level was used in an attempt to confirm findings in 
the previous study. 

The revre\\er agrees that no clear evidence of rrwtcmal toxicity was observed. Therefore, 
the maternal systemic and rr1eurotoxidtJ' LOA.EL is l'!Ot identified,. and the NOAEL is 
greater than or equal to 7.5 mg/kg bw/day. 

Excessive 1
, iner losses in the coritrol group dunng lactation reduced the number of litters 

available fur ::i.ss,gnment of offsp1ing to further testing. The reason for the pup mortality is 
unknown but was also observed rn the definiti·✓e developmental neurntoxicity study (MRID 
4615330.2) at the same dose used in the currenl study. Therefore, pup mortality is not related 
to treatment with the test article, but ma~· reflect a problem with the animals or w1lh the 
testing L1cilirv. 

No ev1deni.: 1: for offspring t.mjcity wa" oh~crved. Pups fror,1 the ,reated group acually had 
greater hodv \'/eight than those of the- control group. Correspondingly. the higher oody 
weight ot the treated animals resulted in ea:·iier atU1inment of sexual maturation. 

Developmental neurotoxicity was not seen in the offspring as measured by the FOB, motor 
activity, auditory startle reflex habituation, or learning and memory tests. Evaluation/ 
interpretatrnn of the rnorphomet1ic data was confounded due to the low viability of control 
PND 12 animaJ.c. 

The offspring ',ystemic anc' neurotoxicity ~\'QA.EL is 7.5 mg/kg/day (HDT). The 
offspring LOAEL is not cstahlished. 

C. STUDY DEFICIENCIES: 

l) The high nun mortality in controJ s dur;ng lactation obscures the inrerpretation of the study results, 
specially, with regard to the rncrtallly see·" ..it th~ high dose group. 

2) The number of available htten for Fl offrpnng selection at the high dose group was inadequate for 
evaluation. 


